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EXTRACTS FROM THE PREFACE OF 

THE FIRST EDITION 


The present work provides an elementary text-book, of the 
standard of School jC^ertificate and Alatriculation examinations, 
or a little beyond, suitable for use m schools, and at the same 
time gives an account of those principles and applications of 
chemistry which are of importance and interest in everyday 
life. The range of subjects is, therefore, necessarily somewhat 
wider than the requirements of the syllabuses of the examinations 
mentioned, but these syllabuses are fully covered so far as the 
theoretical side is concerned. No attempt has been made to 
provide a course of practical work. The extra material is chiefly 
that concerned with organic chemistry. The importance of ihis 
subject in daily life is such that no book with the title of Everyday 
Chemistry could possibly omit to deal with it. 

The method of treatment aims at giving an account of the 
whole subject which will enable those who have a very elementary 
knowledge of chemistry to follow the recent advances in the 
science, and at the same time providing a clear and concise 
statement of the fundamental facts and theories of chemistry 
which will be suitable as a systematic course for students. 

The division of the book into three parts : (I) Historical and 
Theory, (II) Non Metals, and (III) Organic Chemistry and 
Metals, was adopted after careful consideration as on ihe whole 
most convenient for the readers for whom the book is intended. 
In the school, each teacher will decide which order of treatment 
best meets the needs of the class, and the study of Part II. may 
be begun after the earlier sections of Part I. have been dealt 
with. Since the book is intended to provide a course of reading 
which will supplement and extend what has been dealt with in 
the class-room, and laboratory, this method of arrangement will, 
it is believed, be found useful. 

An attempt has been made to include some of the most recent 
advances in chemistry, both in theory and practice, and the treat- 
ment throughout aims at conforming with the present stage of 
development of the science. Care has been taken, however, not 
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PREFACE 


to omit those elementary and fundamental parts of the subject 
which must form the basis of every successful course of study. 

In providing material for the numerous illustrations the author 
has had great assistance from manufacturers and others. In 
most cases the sources of such illustrations are given in the titles. 
He wishes to thank Messrs. Bell and Sons for permission to use 
illustrations from his book, The Composiiion of WaUr, for Figs. 
93 and 94. 

The author, in conclusion, wishes to express his deep indebted- 
ness to Sir Richard Gregory' for his valuable advice and assistance 
both in planning the character and scope of the work and during 
the course of its passage through the press. Mr. A. J. V. Gale 
has made many helpful suggestions and gave valuable assistance 
during the proof-reading. 

J. R. PARTINGTON. 


PREFACE TO THE SECOND EDITION 

Ai, THOUGH many parts of the book were revised and brought 
up-to-date in successive reprintings, the alterations made in the 
l>resent issue seemed to warrant its description as a second 
edition. Many parts have been rewritten, and changes have 
been made in several of the illustrations. The subjects of 

/ ‘"/■X extended in the Lthor’s 

.S/ior/ H,s/ory of Chemistry (second edition, .Macmillan and Co 

imroduction’‘t '’'.f been retained and modified as an 
introduction to diese topics. Considerable chaiiffcs have been 

made m Chapter X.XI.X, m conformity with recent advances in 

be subjects with wli.ch it deals, ft is hoped that the bookTn its 

retiscd form may continue to find approval in its field. 

I'chruary. iy4;, J' R' PARTI.XGTON. 
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CHAPTER I 

INTRODUCTION 


Varieties of materials in everyday life. — One of the most 
evident facts of everyday experience is that there are very many 
things around us which differ completely in their essential 
characters, or properties. A house is constructed of various 
kinds of stone, bricks, different woods, iron, concrete, slates 
tiles, plaster, mortar, and glass. The furniture and fill ngs 
inside consist of other kinds of wood, of different metals such as 
lead copper, brass, bronze and aluminium ; and in the various 
rooms will be found miscellaneous articles made of such materials 
as ebonite, celluloid, porcelain, wool cotton silk 
silver and gold, together with various kinds of food, oil, coal, 
Sing wlter, candles and gas. In the ivnrld outside them 
are still other things. The contents of the drii^ggist s shop, of 
tZ oa and colour store, and of the garage, the dyes used in 
relieving the monotony of our surroundings, paints, varnishes 
InLweU explosives, and the bitumen on the roads are all 
diSt marerials. The world of Nature, with its rocks 
Srals plants and animal life, presents another picture of 
Ihe apparently endless variety of materials which we encounter 

These ‘^fferences exist, as we realise, quite apart from any 
oarticular shape or size which has been given to the objects An 
Lk chair consists of the same kind ot "■““d as an 
nf different wood from that of a mahogany chai . 



EVERYDAY CHEMISTRY 


Chemical qualities. — Some things are formed by simply mix- 
ing together others of simpler composition, as mortar from lime, 
sand and water. In other cases a more marked change in pro- 
perties occurs, as when glass is produced by fusing together 
sand, lime and soda, or when soap is made by boiling fat or oil 
with soda rendered caustic by treatment with lime. This second 
type of change is a' chemical change, as distinguished from a 
physical change produced by mere mixing. If a material 
can be produced by putting together two or more other 
materials it will usually be more complicated than these, and we 
can in this way get some information about its composition. 
Glass, we may expect, will contain materials present in sand, 
lime and soda. 


Another way of finding the composition of a material is to 
take it to pieces, as it were, and resolve or analyse it into the 
simpler materials of which it is composed. In some cases it is 
fairly easy to break down one kind of material into simpler ones, 
but dimcult, if not impossible, to put these materials together 
again so as to reproduce the original substance. For example, 
when sugar is heated fairly strongly it chars ; steam and other 
gases are given off and a black mas.s of charcoal remains. Al- 
though It IS possible to produce sugar again from water and 
charcoal, yet this requires the greatest skill of the chemist and 

apparatus and matt-rials found only in the chemical 
workshop or laboratory. Even the chemist has not succeeded 

ori^inalTsh®"' h' so as to reproduceThe 

original flesh. He cannot change a cooked egg into a raw egg 

or an oak into an acorn and the materials taken from tL ah 

and soil when the acorn changed into the oak 

innumerahle‘rh?n "onderfui things but there are 

C iimnt I, ■ .olianges going on all around us in Nature which 

nu Zo o^' r'lflons’ itist as there are 

occur at airin n':;;:,,;" 'InefwLen”,^"'”^'' 

things which nlants nr i i hcmist can make the 

by totally different produce, he has often to do it 

he;u or pressure, or the useVTorro'^f great 

in the laboratok' hr^n^ll^arouVe ' " 

produce anificiallv mane Miin- 

which are vet bevo^ 

tile nineteenih «mur"ih:c,: m.i:^^h'„ beginning of 

' na=> Wat now to obtain in 



I 1 11 MI< \1 I M-' '1< M ' ’•'^1 ■ 


thi- l.il'or 
tiirrlv tu Ik- > 


ibi:..; 
• 'll 
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Byes. — The blue colouring matter of the dye indigo, which 
was obtained from the indigo plant by the Egyptians more than 
4000 years ago, was produced artificially in 1870 by von Baeyer, 
and a large part of all the indigo now used is made in chemical 
tactorics. It is identical with the blue cplouring matter of 
natural indigo and is not an imitation of it. Bv studying the 
composition ot the blue colouring matter of indigo and finding 
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Brugs.-To -any Peopl^..and ^ ^1'%^ sd. 

‘chemist- one who IS quahM^to^ Neverihe- 

though he should prope V j the discovery of 

less, the chemist has had a gre medical men were 

drugs. In forrner years m.^ J Cinchona 

of vegetable origin. In This bark contains some 

tree began to be used f°“Va arKe mass of inert and useless 
active constituents mixed ^ r active substances vanes, 

woody matter, and as the proport^^^^^^ 

the action of the dose rhemists Pelletier and ( aventou. 

trolled. In 1820 two ba^ a crystalline sub- 
isolated by chemical ' jrug is now always used_ 

aC some day., be made ^ 

Many artificial drug. 1 ..j. . The denti>t uses a local 

natural ones " they _^eplacc^. .^is was or- 

anacsthetic to allay the pa P.p,,i5 ,hu^, however, has 

mcrly cocaine, which IS a examining its composition the 

' undesirable ’j^e^^could produce something which 

chemist imagined ^ ^ yet not have its objectionable 

would do the work iieart. The result of his expen- 

properties,..^-, its action <^n the h^ ^,^,1 

ments was the reuUcing cocaine. To prevent 

novocaine, which are ^^ur when cocaine is used but docs 

bleeding, which ealled adrenalin is added to the 

with novocaine first obtainable only from certain 

novocaine. Adrenalin '';‘^^^\"'pVepared by the chemist, 
animal glands but b ^ \ minute living organisms 

Most diseases are produc ny^^ 

called bacteria (Figs- 5 disinfectants are used. 

fection to destroy. X- r r^nt ■ hydrogen peroxide is 

Chlorine is a powerful diluted w 

milder, but is ^""J^'kinds of tooth-paste contain sub- 

it is not poisonous. _ ^.^mact with water, liberate 

stances which, q disinfectants contain phenol ( car- 

fficS Tand rl.edtbs.ances. called cresols, obuuued Ironr 

coal-tar. malaria and sleeping sickness, are 

eaureTrrolT; baemr^ rutt o^.ardsms called 
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Fid. 5 . — Bacillus A nthracis mVRO- 
DuciNG Anthrax. 


which enter the blood and go through complicated life>processes. 
There are certain drugs made chemically which have the property 

of killing trypanosomes 
without injuring the cells 
of the human body. These 
include compounds of anti- 
mony. 

It may also be mentioned 
here that the processes 
taking place in the body, 
such as digestion, are 
largely chemical changes 
brought about by specific 
substances called en^^mes. 
Much light has been 
thrown on physiology by 
the chemical study of these 
changes, and biochemistry 
is now a large and impor- 
tant branch of chemistry. 

Metals. — Examples of the practical everyday applications of 
chemistry may be found in the production and use of metals. 
The name metal is derived 
from a Greek word which 
occurs in Herodolos (485- 
425 n.c.) with the mean- 
ing of a mine ; it after- 
wards came to mean 
things dug from mines, 
i.e. ores^ from whiv-h 
what wf now call metals 
are obtained. Until th-- 
middle t>f the nincteeiuh 

conturv the onlv metal.s m 
• * 

common 11 >e were copper, 
iron, tin. zic' . .md the 
mixtures or alloys ''ailed 
hrotue (‘ oppo'- -f tin) 
and brass (cfipner i zinc). 

Steel is onlv a form of 
iron <ontair.in^ small 


Fio. o. — Bacilli uksvonsible for 
THE OF J):rnrnF.RiA. 


us^'d'^fnr ?h ' these nretals have been known and 
ustd foi of years— ropp-r probaMv for over five 
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thousand years. The metal aluminium, a constituent of clay, 
was discovered in 1828 and was at first very rare and valuable. 
In 1854 the I-'rcnch chemist Devillc discovered a method by 
which it could be manufactured, and in 1S8O Hall in America 
and Heroult in France independently devised new processes 
depending on the use of electricity by means of which aluminium 
can be made cheaply in large quantities, and the metal is now 
extensively used. It is not yet possible to extract aluminium 
from clay : most of it is obtained from the mineral bauxite, 
which must first be carefully purified. 



ntRM.vnRlCHT 


(Uirt».a.rii.:hi l.t.l . Hirii.Mi.,'liJiii i 


Another metal which was not known until early in the nm< 
eenth centurv is magnesium, which i'^ now also (obtained 111 
airly large ciuantitics by an electrical method. An alloy ot 
nagnc'iurn with aluminium has great strength and is very iigbi. 
K-inr' onlv about twice as heavy as an ecjual bulk ol water whiht 
teefis about eight times as heavy as water. Such light and ^troiv' 
illoy.s are of great value in aeroplane and other engmeerm 

'onsirurtion (Fig. 7). ^ . 

'I'hc metals tungsten and molybdenum, until cjuiie receniK 


r, ^ 
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only curiosities in chemical laboratories, are used in making? 
electric lamps (Fig. 8a) and wireless valves, and alloyed with iron in 
^ special steels. Many other ‘ rare ’ materials, 

like selenium, could be produced in fairly 
large quantities if any use could be found 
{' X for them. An apparatus for turning oif street 

V I lamps automatically contains selenium 

I M T'he metal berjdlium, which occurs in 

I emeralds, is lighter even than aluminium, 

I is hard and strong and is not easily tar- 

^ nished. Its compounds are used in gas 

i mantles and the metal itself is finding in- 
‘ dustrial uses in the form of alloys with 
[ other metals. 

Many valuable metals are produced by 
mixing, or alloying, simple metals. Bronze 
and brass are alloys which have been used 
for centuries. Printers’ type consists of lead, 
antimony and tin, and this alloy has the 
properly of ex])anding slightly when the 
~ fused metal solidifies, so that sharp impres- 

|7,g s. '■tons of the moulds arc obtained. Stainless 

loo V. 400 c.p is an alloy of iron with chromium and 

Cakuun l iLAMhNT ni« iccf :tnd many special steels contain iron 
Lamp, c. 'Smv u all* >vi d with such metals as tungsten, molylj- 
WoKKiNG.) denum. vanadium, and, ubali. which were 

.By.„urt..yoiGi.,c.) srr r. eiy known a few years ago. Chisels, 
lathe tools. parl> ol luolor cars, raihvav ir.icks and steel fcjr 
Ijritlges all make use of the>e .al!'>v 

steels. The gear wheels in a ra./:- r iTIl a 1 1 i 1 1 a a 1 

<ar, for example, have to v, XvVVvA/i/VV 
rather rough i. /'*, and ar> ni.. j \ 

of yi-vial steel. Hr. x aJves in da / H ROILED FILAMENT 

engine, again. '\hi. h art e ' i>< ri u l< ■ ' 

Mry hig!-, 'etnp.r uc e - ;r' n.ad ■ V 

li' - from axles ^ CASFiLLED 

Metafs have Imom r- [Cu ,i nr COILED COIL 

I’ iry pur|-i>.«:' : Lt whii-he:-- ' iukx' Li.iaiKic 

rWir ad pTi.r^h.irt ' !>;■ v an. •i- L o.i,.. 

i'hc. .'ailed ‘.’akeih. nlasiie^ ' •^•■wodu. 


ff 

V dss 


COILED FILAMENT 


COILED COIL 
’ in KX' Li.ia TKic 

1. \Mr. 




i-hn j- ((.. .,0,, arr M^ed lor ton- 

t.me.rs .mj r,,anv o-h.-r pur;a>s.-s : vhe^ ma le n- in ko .imued 
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nating layers of paper, tabric, or o 
solution of the plastic, super-imposin 


‘ Pig. 0.— Pinion or rnwh 

S.LEST GeAH " 

iubjecting them to heat and V' 

Tiay have very good mcchanual and .k 

asing a cotton, or cs- 
pccially 

forcement, a material 
of very high tensile 
strength is formed. 

Such laminated ma- 

terial has been used 

for gear wheels (Fig- 9)- . 

Other types of plastics 

(p. 538) arc transpar- 

ent and replace glass, 

.over which they have 
the great advantage of ^ \ . 

toughness and shock- - 

resisting properties i.-,g. lo.-- 
These have been u.scd 

for aeroplane windows. 


,Vl. CHLOKIDI 

ruitics 


P.E.C. 
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Other pieties are used as electrical insulators (Fig. id). 
The plastic industry, which is practically entirely a branch of 
applied chemistry, has made enormous strides in comparatively 
recent times, and its products are now seen and used in all walks 
of life. It is hardly an exaggeration to say that in many directions 
modern life has been transformed by the work of the chemist. 

Early knowledge of metals. — In the early period of his life 
man was not acquainted with the use of metals : his implements 
were made of stone, horn or bone. The first metal known was 



About 3000 b.c. 


(probably gold, which occurs in the native metallic form and 
would attract attention by its colour and lustre. Gold orna- 
ments are found with remains of polished and worked stone 

implements dating back to a very 
early period, the so-called Neolithic 
Age. The next metal known was 
probably copper, and some think it 
was known even before gold in 
hg>'pt. Copper appears in the 
curliest remains in Egypt and in 
Mesopotamia in the form of cast 
objects dating back to before 3000 

B.C, 

The earliest known working in 
metals appears in three places ; in 

Egypt, in Mcsopotamia(the modern 

Iraq), and in the island of Crete 
in the Mediterranean. Egypt and 
Mesopotamia are rivals in the claim 
, lor i he origin of the working of 

Fic. '-r-.R \ as -: 

^ inhabitants of Meso- 

Lacvsh .,..,0 n.c. potamia, the Sumerians had an 

•-VITH ITS STAND. advanccd culture at l.t 't 

(TJ.O I.OUVT". i-.riM '•Uiiure at least as early 

•1^ the kirst Dynasty in Egypt, 



Fil,. i». SlI 'T-.R \'aS 

or Fntemj-.x.x. Kvlkr o 
Lagash 2S50 n.c. 

ITS «tTA\D. 

(Tito I.ouvir*. I . iris.) 
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and were expert in the working of gold, silver, copper and 
bronze from about 3500 b.c. Very fine specimens of early 



It-LL El ’Obf.io, kaklv Sumerian, 
ABOUT 3000 B.c. 

(British Museum.) 


3. Gold Bull's Horn. 

Tell El ’OiiFto. eaklv Sumerian, 
AUOt'T 3000 B.C. 
fRriliwh 


Sumerian metal work were found on the site of Ur of the ( haldecN. 
where there arc the remains of a greatj temple. I he copper 

scimitars shown in 
Fig. II, the finely 
engraved silver vase 
shown in Fig. 12, 
and the copper and 
gold objects in Tig. 

13, arc good ex- 
amples of early 
Sumerian work. 

1 he ancient Egyp- 
tians probably ob- 
tained their copper 
from the ores in the 
peninsula of Sinai, 
which are very easily 

shows an early Egyptian vessel of copper (about 



Fig I.I.— Early Dynastic Egyptian 
C oPi’ER Vkssel. Ahydos. 

(From Ev.ms' Palace of Mtnos at Knossos.) 
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3000 B.c.) and Fig 15 some early metal objects of a slightly 
later period, including a lump of iron. Fead is represented by 
the archaic statuette shown in Fig. 16. Gold and (more rarely) 



AND (LOWER RIGHT-HAND 
DOS (.1700-2500 B.C.). 
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silver ‘objects also occur. Iron has been found very sparingly 

“c'^ptiral^o [hTr^n^ains at Knossos, other^^es 

•r, of Crete which was the centre of an old ci\ ilisaiion 

known as th^lsnnoTn 1 this copper dates back to about 3coo b.c 

oriein, and the very advanced 


stage of pottery working in 
Minoan times is illustrated by 
the vase shown in Fig. i8- 
A later stage of the Minoan 
culture on the mainland was 
the so-called Mycenaean, repre- 
sented by the finds of great 
stores of gold objects in tombs 
at Mycenae, and by remains at 
Tiryns, including blue glaze 

(Auanos). These belong to the 

period of 1500-1200 Bf- ^ 
the Mycenaean culture (which 
is that described by Homer) 
preceded the introduction ot 
iron, which began with classi- 
cal Greece. The use of iron 
came in with a new people, who 
destroyed the Minoan culture. 

A great advance in metal 
working was possible with the 
invention of bronze, which is 
an alloy, or mixture, of copper 



Fic. 18.— Minoan Polychrome 
Pottery with Flowers and 
Foliage, from Palaikastro, 2 zoo 

B.C. 

(rruiu Uvaus' <■/ Mtn^s ai Knotios.) 


and tin Bronze us^uallyappe^^^^^ ,,, 

later than M.tPms were expert in working metals, as 

lime. The earliest Egyi There are representations ot 

the remains of their ,t,ch as lire copper 

early metal working m w goldsmiths shown in Fig. -’o. 

working shown in Fig^ I ? d tl formerly thoughi to 

The operations shown m i ig- J 

represent g!ass-blowmg_ generally stated to be that 

fouTid" hT Peirie m the Fourth to Sixth Dynasty remains at 
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Medum, dating to about 3000 B.C., although a piece of true 
bronze from a tomb of the First Dynasty (<*. 3400 b.c.) is de- 
scribed by Mosso. At Ur, good bronze of 3500 b.c. was found. 
The source of the tin used in making these early bronzes is a 
problem since tin is not found in many places, and some modem 
sources (c.g., the Malay Peninsula) were not likely to have 
been known to the ancients. Some archaeologists consider 
that even this earliest tin came from Britain— the Islands of the 

was the Greek name for tin), perhaps 
the English coast of Cornwall, from whence tin was certainly 
shipped by the Phoenicians in later times, but the generally 



Fig. 10.— Egyptian Mp.tai Working. 


accepted theon is that the tin came from mines in Persia which 
e mentionea n, Strabo. aIthon,h it is true that there is no tin 

for ilrv lZ"- ' to have been any 

^ui earlv period at 


The 1 . 

"tals iron. 

Si 

soon af 

‘ copp.i r ;:) 

h! 

bin;' > 

;es (.d out 

x. 

and \v.. 

••rb.uj> ol 

^ / 

Uptjl, t,. 

arth froi 

ni 

'I his Pr 

naMK' ir 

on 

^vlln lira 

4 

‘ of lams i 

4 

L' 

in a very 

' .r'” torn!, 

j 1. 


in(i w vt i ‘w e.inv iron was very scarce 

up.a, i ■irp/Vr'" r' "'*' on>inallv fell 

'Vi.h 1,0a , of :ap,;L ^yung 
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Hittites, in Asia Minor, around the Black bea. 





MEUr.SC ESC 

riG- 20 . Weighing Gold. 

Beni Hassan, i</yo b.c. 

wire .klUrf ““'E'gre “t” “fkSs 

S4rr jpi*, s “■ 






V.O _EovPTirs MakinoToT^. with Furnac. 

• • .nlv asking for gold in exchange, ‘ which m my 

brolws uld b y ."“'^"ntionedVy Pdo (“ d ■<“> 
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was w'ell knowTi in the Roman period : coins of it (25 a.d.) have 
been found. A passage in Strabo, about the beginning of the 
Christian era, has been thought to describe the production of 
metallic zinc, and srnall figures consisting largely of zinc and 
dated to about the time of Strabo have been found in Europe. 

bronzes contain considerable amounts of zinc, 
and this metal seems to have been known in the Far East at an 
early date. 

Gto.— Side by side with the working of metals, the Egyptians 
and the inhabitants of Mesopotamia perfected the arts of .making 



Fk.. 2j._PREnv.NASTic Fcyptivn 
I "fTtKV.WlTH FIGURE OF HO.\T(?). 
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manufacture of glass on the large scale apparently began in 
Egypt about 1370 b.c. ; in the remains of a glass factory of this 
period at Tell el-Amarna, excavated by Petrie, nearly the whole 
process came to light. The alkali {natron, sodium carbonate 
found in Egyptian lakes near Alexandria, and incorrectly 
translated ‘ nitre ’ in the English Bible) 
was melted with crushed quartz, lime- 
stone, and copper compounds in 
crucibles to form a blue glass. Nearly 
colourless glass was also made at an 

early date in Egypt. 

Egyptian glass making was developed 

especially at Alexandria, a city founded 
at the head of the Nile Delta by Alex- 
ander the Great in 33 * 
made there was exported to all parts 
of the Roman Empire, although in 
some places there were native glass 
factories, e.g. in Syria, and probably 
also in Britain, where remains of glass 
furnaces of the Roman period have 
been found near Warrington. Glass 
making was also developed by 
Assyrians ; a glass bottle of King 
Sargmn (700 B.c.) in the Bntish 

Museum, formerly thought to be of 
Egyptian manufacture, is probably an 

fer or coro.,,.. ,.o. 

highly developed in that country about this time. A >> ne 1, ‘ - 

^dled uknu \ described as an imitation of lapi.Uzuli m 

A -svri in tablets in the British Museum, dated about 6^,0 u.c. 
■iCchemisl has taught the modern manufacturer to make 

=■ =5 Si&sEsSSlES 

"'fSfSSs ti' 

that tea-pots and cooking d.shcs can be made from it (I ig. -5)- 



Fig, .»4.— TuKycoiM 
Ulue Op-kque 
Vase of Thothmes IN. 
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Finally, even silica itself can be made into a transparent or into 
a kind of opaque glass called silica glass or vitreous silica, whicli 
has such a small coetiicient of expansion that it may be heated 
to redness and plunged into cold water without fracture {see 
p. 471). Pliny and other Roman authors mention a malleable 
glass, a vessel of which was shown to Nero bv the inventor. The 




iMr.pcMr ;;i • 

I 


' - .. ■ ' ■ ' cas -..•[(•I ind 

. , • >'• Ilian td k- n 


I I 


* 

■ ■ I ^ .til ' * ' ' • ' * 


■ ■ i' 1 - • hi,. t. 


I 


I , : 

• I ■ 


I . "r ) 

Agrio;, . 

ill' I > I 


pul 

• ; 'U' \\\' 

, ^ ^'br.c. - ; rasa 

•' ■ ’ '• ' ‘ '• b ’-n .\;!nured 


» » 


% » 




* 1 ♦ 

* . ! 't . 

^ s 

• > 


1 


« 

« . 

:i 

'll- ,f 

% 

t 


, t 


t • f ‘ » > 


111 


II. 


c,,r..t..ntlv 




FERTILISERS 


23 



OATS 


OATS 




irvcoiMS' 




4 «^P 

• I 

l«s^VA«i »4 


M THO8- 
tt.iuc»rH| 


XTtoV supplied to ‘he.f “il^nid "" 
a^'etoTllndln Amtn.&™ha« been put out of use in this wav. 


...s. ,.v. 

,, h the — , r tnnil 

nculiurc was really dt< ^ England the production 

came understood tt^t ‘ jo thirty-two bushels per acre m 
wheat has increased f increase being due to 

e last seven hundred yea a part oUUc.n 

r7v::a;V:rthin; iive^ u^Lls per acre, and used tnore fert.hsers 

■^f'^lttnaturallyenr^t^b^.be^owt^of^ 

“t;: ti^ u:.; 





24 


EVERYDAY CHEMISTRY 


of leguminous plants had been grown on a field the year before. 
The principle of crop rotation, discovered empirically or by rule 
of thumb, has a scientific basis, since the leguminous plants are 
associated with bacteria which can turn the free nitrogen of the 
air into compounds which act as fertilisers {see p. 369). 

The natural sodium nitrate found in the nitrate beds in Chile 
is within sight of exhaustion, and the late Sir William Crookes 
pointed out that unless some artificial source of nitrates (or other 
suitable nitrogen compounds) could be found, those parts of the 
human race which depend largely on bread w'ould in years to 
come be faced with starvation. Even as Crookes was speaking, 
chemists were at work on the problem, and there are now several 
processes in operation on the large scale for making nitrogen 
compounds from the air, which provide an abundant and assured 
supply for the purposes of agriculture, and make us independent 
of the Chilean deposits. 

The production and use of fertilisers and insecticides, the 

examination of soils and the correction of the injurious properties 

of certain materials, all form part of the application of chemistry 

to agriculture. A king of Carthage, Juba, is said by Pliny to 

have written books on agriculture, and in the Roman period the 

great landowners were c.specially interested in the subject. It 

then relapsed into a state of empiricism, and was considered 

somewhat beneath the dignity of scientific study. Early in the 

nineteenth century, Davy, the most eminent chemist of the time, 

turned his attention to it. He was followed bv Liebig and others, 

and since then chemistry has proved of the greatest value to the 
farmer. 


Chemistry and the community.— We might go on to tell of 
other ways in whi- h chemLirv has contributed to improve and 
ameliorate the !ilc of man ; of pottery and porcelain, tanning, 
the manufacture ot soap, paper, perfumes, and the like, but 
enough has beep said to sluiw how verv essential it is that the 
>tudy of chemistry should g,. cm, so that' new discoveries may be 
inaile and. ne-v apphcaiions of .ad discoveries found 

It IS a mistake, to suppose that chemists always set out to make 
dHcov.-racs Ahic.i J.vd. liavr an imniLdiaio application to definite 
technical prohh -as. ihh is no doubt son etim.-s xhve^TZ 
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facturer has rarely discovered anything,’ said Davy in 1829, ‘ he 
has merely applied what the philosopher 

has merely worked upon the materials furnished to him. It is 

not SseSd that the transition from the >«borator)' experiments 

to the industrial plants or installations, by which alone the dis- 
to the ^^ausir a p community, 

tornotfnvolve the application of great skill and P“V<;nce and 

.i;:d: "tirhurefus^';. “fseii'fpaTitrff 

the fraudu ent of^rhcniistry has made 

inferior tm.tat.ons ^ f a" 

Chemists Most °f ,nd .he' products they sell- 

SokurkTamLl^ 

in the public service , ■ detection of crime are 

■^li^fStlhe. us. in h|. = 

educative value. Ve y o . j ^ scientific 

chemists yet stud^of ^he^^subje^ 

method which cannot 1 method is appe<j/ to experiment-. 

The central feature of scientific meinou is^^^^^^ y scientific 

* try it ’ is the P/^^^PjEor^^Iatioro^^ the way of 

method in business life realities the receptivity for new 

thinking in terms of ascertained reaht.es the r ^ 
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sufficient merely to put the materials together and collect the 
gas^very change which occurs, alterations of colour, the 
rapidity with which the change takes place, any products which 
are not the one intended, all these are important and must be 
seen by the manipulator. A chemist has a genuine interest in 
the materials he uses. It has been said that every one of the 
numerous white precipitates known to the chemist has seme 
quality or qualities peculiar to itself which should be recognised 
by those who liave once fully studied it, and the chemist Liebig 
was able to recognise substances by their appearance alone with 
such certainty that he was not even misled by the results of the 
analysis of impure specimens. 

Chemistry lorms part of that great collection of studies of 
Nature which we call Science ; its pursuit is associated with 
other sciences in many ways. The Chemist must know some- 
thing ot Physics and the Botanist something of Chemistry. As 
time goes on, the boundaries between the separate sciences 
become indistinct and it is seen that the study of Nature cannot 
1 sharply defined regions. In this book we 

.^hall have to deal briefly with some subjects, such as the pro- 
perties of gases and electrolysis, which could equally well go into 
a course in Physics. Vet they are closely related to Chemistry 
and we could not understand the latter fully without them. 


CHAPTER 11 


PITRE SUBSTAXCES, 

Different kinds of solids, 
laboratory wc find a large 


,UXTURES, AND SOT.UTIONS 

iquids and gases.— In the 
umber of substances, some .abelled 
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bottles containing white and coloured crystals and powders and 
various kinds of liquids. There are also steel cylinders con- 
taining compressed gases, such as oxygen and hydrogen. 
Among the things with which a student of chemistry’ must learn 

to become familiar are the 
appearance and uses of 
common laboratory sub- 
stances and apparatus. 
Every material used in 
practical chemistry should 
be carefully examined ; its 
colour, crystalline form and 
density(Fig.27)(/.<’. whether 
it is heavy or light, as 
judged by the weight of 
the bottle containing it) 
should all be noticed. 

Substances which do not crystallise are called amorphous : 
powdered chjircoal, magnesium oxide, and some kinds of 
manganese dioxide arc amorphous powders, and glass is an 
amorphous solid. Some powders are reallv composed of very 
small crystals, which may often 
bo recognised under a iens or 
a mitroscope. A mas.s of a 
crystalline .substance usually 
brraks with a crystalline fracture, 
an amorphous with a conchoidal 
fracture, i.e. one like the inside 
ot a shell (Fig. 2S). 

Homogeneous and hetero- 
geneous bodies. A ( liar.icie:*- 

i'li'' of a pure substance i- that 
•>11 part' of it are > 
exactly alike. .\11 pivees of 
sulphate crvsi.iL M-'lg. 

-fO. although thev ‘mav be of 




Fig. 28. — Calcite, 
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ime ])ropcrtics 


homogencou.^ bodies, u,. ..ning lhai the bodv' l^as the si 


all its jiarts. .•\ 

i^> homogeneous 


A p^ce o, cU.tr Iceland spar (or ealui;! ; "s 
■ A pa-ee .a granite i-. on the other hand, 
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felspar. A second is c^oy^less transpar ^ j, 

different parts of the mass, miitures is used to describe 

sometimes the older name moctamcal mertuxes .s usto 

purification of -at.ri^-f- ^^fTe^ri:^n:™s 

concerned with the study of .l^X“"^“nt . The sante 

bodies must first be separated .nto their components. 



Pjq 30. Egyptian Gold Washing. 
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used from ver>; early . presented along with the name 

Egyptian inscrjpttons we find^^^ ^P^ ■ , 

(composed of the Signs lot iw out one consti- 

Finally, we can effect separat.on dissolved front 

tuent and leaving the ^ I„ the last case, 
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Fig. 31. — Apparatus for 
Filtration. 


The separation of solids and liquids by filtration. — In the 
laboratory, filtration is usually carried out by allowing the liquid 

to flow through a circular piece of filter 
paper (a porous unglazed paper) folded 
into a cone and supported in a glass 
funnel (Fig. 31), but on the large scale 
cloth is often used and the liquid forced 
through under pressure by pumps in a 
filter press. The liquid passes through 
the pores of the paper or cloth and the 
suspended solid particles, which are 
generally too large to pass through the 
pores, are held back. In the labora- 
tory the rate of filtration may be 
hastened by withdrawing with a filter 
pump part of the air from a closed 
flask into which the funnel with a 
perforated disc is fitted (Fig. 32). The atmospheric pressure 
acting on the surface of the liquid in the funnel drives it 
through the filler paper which is laid on the perforated disc. 

On the large scale, vacuum filters acting on the same principle 
are used, but the paper is then 
replaced by a filtering cloth, 
usually stretched «)Vcr a per- 
forated drum \vhi--!i dips into a 
bath of the liquid to be iilt<*rcd 
and is caused to rotate. 'Fhe 
pressure of ihe air inside the 
drum is reduced, 'rhe solid 
depo-sited on the outside of 
the cloth is scraped cd con- 
tinuously by a scraper in 
contact with tlie drum. The 
Hclc-Shaw dreatn-line filter 
consists of a column of circular 


discs ol paper, pressed together, 
and the iiijuid is loj> d thr.'iu^^h 


from the cuNicle 
or suction. The 


bv 


f'lcs.sure 


clear liaui i 



passes oil througli a channi-i 
through the centre of the pile 

of di.es. This apparatus has bc.n used in suparating fine dirt 


from lubricacng oil which has born 


used :n motor engines, 
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from water on board ship, and for other 
in separating oil trom waiti 

purposes. uKnr'itorv operation is the separation 

Solutions.— A rJ ^lled solutions. It is known 

of the constituents of what are called 




Fig. 33.— Stream Line 
F11.TEK. 
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riLitK. . 

w r:inable of dissolvifig 
from everyday experience ^ or salt, to form solutions 

cr%lid«! such as sugar m a cup 01 ita, aissolved substance, or 

Rg yr The- ex melv finely divided 

other substances. , ,,.„,er • 
things which are 

oil, wax, mdigo. 9 " ^ which 

easily soluble m hen^-ne or 

are used in fh„j,ain resins in 

S Unsir^il, ot -X": 

:tet mThfrhardtfaTJ^^leavfs a , , 

transparent film ‘"’P-^Xmoto s contain products of cellu los 
the new cellulose firi.sh ff f"°‘°o;.wool or paper) called n.tro 







Fig. 34 — ^ Solid 
passing into Solution 
IN A Liquid. 


32 


EVERYDAY CHEMISTRY 


acetone and amyl acetate, a liquid smelling very strongly of 
pear drops. 

Some of the new ‘ cellulose lacquers ’ contain chemicals 
which a few years ago were hardly known. Their valuable 
properties have been discovered by trial and now that they are 
required these solvents can be made cheaply and in large quan- 
tities. Substitutes for resins can also be made. 

Solutions in alcohol are called tinctures or spirits, e.g., tincture 
of iodine ; spirit of camphor. 

True solutions are homogeneous (p. 28), and the dissolved sub- 
stance is in an extremely fine state of subdivision. Thus, 
1 gm. of the red dye eosin gives a distinct fluorescence to 
1,000,000 c.c. of water when examined in a strong light. Each 
cubic centimetre of the solution contains only o-ooo,ooi gm. of 
the dye, and since a volume of only 10“*® c.c. of solution can be 
examined under the microscope, this can contain only gm., 
or 0*000,000,000,000,000,001 gm. of dye. 

This dye is sometimes used to detect the communication of 
water supplies underground. 

Distillation. — Dissolved solids are separated from liquids by 
distillation. A simple apparatus for distillation consists of a 



sal, in wa,.r) 

If larger quant.tics of hqu.a ere lo I,.. JisriHeJ it is 



. distillation 
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convenient to use a If conswnTftream 
the cork of the flask, *e ™ h this apparatus it is possible 

coming from the boihng liquid^ Witnt VV ^,3 , 

to separate not on y Thus, if a mixture 

least partially, soluUoas ^ and water (b. pt. lo^ 

of equal volumes of point at the commence- 

is distilled, it IS found The® liquid collecting m the 

ment of the operation is 84 . 
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Fig. 37. 
Separating 
Funnel. 


other, and the liquids are partially miscible. If successive small 
quantities of ether are added to water, they at first dissolve com- 
pletely, but a point is reached when no more ether will dissolve 
and two liquid layers are formed. These may be separated in 

a separating funnel (Fig. 37) ; the presence of ether in 
pe lower aqueous layer may be shown by heating 
JqT It m a test-tube, when the ether vapour given off 

^ may be kindled. The presence of water in the 

upper ether layer may be shown by dropping a bit 
of the metal sodium into it when an inflammable 

gas, hydrogen, is evolved. Pure ether has no action 
on sodium. 

If to the two layers of ether and water a little 
iodine is added, which dissolves in each solvent it 
IS found on shaking that the iodine is shared 
between the two liquids, but most of it, as is seen 

from the darker brown colour of the solution, is 
taken by the ether. 

Ether may therefore be used for the extraction of 
u “om a solution in water Chloroform nnH 

Sinrviolet fn colour ° 

g oiet m colour. T^his is made use of in testing for ioHinp 

^cscs. A flask and delivery 
lube are completely filled 
with rain water or tap w.itcr 
and the flask is he.ited : 
bubbles of gas appear, which 
pass out of the delivery tube 
under water (Fig. 38), and 
will be found to !)e niainb. 
air ; such water the refore 
contains dissoha/ n^js. The 
solubility of a gas iDcrea.ses with 
pressure; when a hoiUe of 

soda-water is onened the d*s- 

solyed gas escap-s in bulioks 
owing to the rethiciion of 

as the experiment dcf:crV'craWrTlmw in temperature, 

'<• .s'loi... Di,--so)veci gas is 
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sometimes removed from water to be used in steam boilers by 
preliminary heating, to reduce corrosion of the boiler. 

Even solids are capable of dissolving gases ; for example, the 
rare metal palladium will dissolve about 600 times its bulk of 
hydrogen, and solids may also dissolve other solids. Thus, if a 
piece of gold-leaf is pressed on a freshly-scraped piece of lead, 
the gold slowly penetrates, or diffuses, into the latter. It is 
thought that the green colour of emeralds, or the red colour ot 
rubies, is due to small quantities of dissolved substances. 

Solutions of solids in liquids. — The most important solutions 
are formed by dissolving soUds in Uquids. Common salt added 
in successive small amounts to water dissolves up to a certain 
point • after this salt no longer passes into solution, but settles 
out unchanged. The salt will dissolve more rapidly when 
the mixture is stirred, since then diffusion, or the spreading 
of the dissolved substance so as to distribute itself uniforml) , 
takes place more easily. When a solution can exist unchanged 
in contact with the solid which is partly in solution, it is said to 
be saturated. A solution which will dissolve more solid when 
brought in contact with it is called uusaturated. It may become 
saturated when stirred up with excess of solid, and more rapidly 

when the solid is powdered (Fig. 34)- 

Since a saturated solution can remain unchanged in contact 
with solid, it is said to be in equilibrium with the solid. Equili- 
brium is a state of balance. We are familiar with the idea ot 
equilibrium in physics {e.g. see Hadley, Everyday Physics, p. 25;, 
and we shall find that it is also very 
important in chemistry. 

We must be very careful not to 
say that a ‘ saturated solution is one 
which has dissolved as much solid as 
possible.’ It is easy to show by ex- 
periment that this is incorrect. A 
large test-tube is half filled with crys- 
tals of sodium thiosulphate (‘ hypo ’), 
and the neck plugged with cotton 
wool. The tube is then heated in a 
beaker of boiling water. The salt 
melts in its own water of crystallisa- , , • 

tion (p 39), and forms a very concentrated solution. On 

cooling, this remains liquid ; it is then a supersa^ated solution. 
On removing the plug and dropping into the liquid a crystal of 
hypo the liquid at once begins to solidify, and the mass becomes 
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Fig. 39- — Crystallisa- 
tion OF A Supersaturated 
Solution. 
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Fig. 40. — Equilibrium 

BETWEEN A SoLID AND A 
Saturated Solution. 


warm, since heat is evolved in the process. Supersaturated 
solutions invariably crystallise in contact with the solid form of 
the solute. The crystallisation is seen to spread from the crystal 
of solid dropped in (Fig. 39). 

Equilibrium in saturated solutions.— Since equilibrium is a 
state of balance, when two opposing tendencies just neutralise 
each othp, we may suppose that the tendency of solid to go into 
solution is just balanced, in a saturated solution, by the tendency 

of the dissolved solid to come out of 
solution, or to crystallise. When a 
saturated solution is in contact with 
the solid, although the whole seems to 
be unchanged, yet solid is actually 
passing into solution, and solid crystal- 
lising out from solution, at the same 
time, and the two changes go on at 
exactly the same rate. This can be 
demonstrated experimentally, since if 
crystals are immersed in saturated 
solutions they often change, so that 

^ c . II , . broken or imperfect parts become 

perfect, although the whole cr>'stal has the same weight as 
before. In unsalurated solutions the rate at which the solid 
suh-stance dissolves is greater than the rate at which the dissolved 
substance deposits In supersaturated solutions the oppoS^h 
Ir ? the solid salt ultimatelv brings both types 

ihe state of equilibrium is usually denoted by the symbol -- 

Solid Saturated solution 

SolubiUty.— Solutions are commonly railed ‘ stron^r ' 

tPams of dissolved subs Lnrc 

solvent. The 

• ailed the solubility of the latt'-r • ^olutum of a solid is 

solid dissolved bv ,00 of grams of 


or 
suh- 


in presence of c\cf 


-^amsofsolvrntatagiv^n;;-^^ 

-S Ol scad. 1-or example, the solubility of 


SOLUBILITY 


common salt in water is 35 9 at 15°, since .00 grams of "‘tter 
at this temperature are saturated by 35 9 grams of the salt. 
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rise of temperature. The rather uncommon case of diminution 
of solubility with rise of temperature may be shown by placing 
a tube containing calcium butyrate solution, saturated at the 
ordinary temperature, in a beaker of boiling w'ater. In a short 
time crystals of the salt separate. These redissolve on cooling. 
The dependence of solubility on temperature is most con- 
veniently represented graphically by means 
of solubility curves, in w’hich the abscissae 
(horizontal distances) represent tempera- 
tures, and the ordinates (vertical distances) 
the solubilities. In Fig. 41 the solubility 
curves of some salts in water are exhibited. 
It will be seen that these vary very con- 
siderably. The solubility of some salts 
{e.g. potassium nitrate) increases rapidly as 
the temperature rises. Others, such as 
sodium chloride, are not much more soluble 
at higher temperatures than at room tem- 
perature, and some salts, such as sodium 
sulphate, become less soluble at higher 
temperatures. These curves have been 
constructed by the method described in 
the next paragraph. 

Determination of solubility. — The solu- 
bility of a salt at various temperatures is 
best tletermined by stirring the powdered 
solid salt with water at the given tempera- 
turi‘. so that excess of solid is present, 
withdrawing a portion of the clear solution, 
weighing it, and then evaporating the 
solution in a weighed dish to find the 
weight of solid valt contained in it. 

\ iMpcite i:. btted with pieces of rubber 
r,,M • 1 . , ^'^‘bing at each en<i. 7 'he upper piece of 

with a ihirroicc'' f h' ' P'^'ce is connected 

is a 'vool. to serve 

uuintirv ‘i cleaiUHl and dried. A 

"ith 

tun- kri.t It o' I " and ihe tempora- 

\Vh-. , • ' I' ■’ !!a-,momctcT in the beaker 

is at, a, bed', o "ho rma-Ue 

The nuer ir de.a..hi.dj:^d^dVt::;:’;;:vi— ^ 
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into a weighed dish ; this is allowed to coo\ and weighed again 
to find the weight of solution. The liquid is then evaporated 
and the dry residue weighed. The experiment is repeated at 
30® 40® and so^ and the solubilities, in grams per 100 gm. ot 

water, plotted against the temperatures (Fig. 4 i)- 

The following results were obtained with two salts . the 
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Potassium nitrate - 
Sodium sulphate 
{Glauber’s salt) 

The curve for Glauber’s salt really consists of two curves meeting 

substances.-Large clear crystals of 
wash“g-^da, when^xposed to the become .h te and 

are deposited when the crystallisation a ^ ^v allowing 

large crystals of alum, for example. 

a solution, saturated at the ordinary f p.’frvstal in the 

slowly in the air, and suspending a sm P -j],, ^^^id stirred, 

solution by a thread. If a solunon ts -f ^^^^P-er th- the 
small crystals are deposited. These are usu y p 

large crystals, since they are less like y *1 anhydrous. 

A salt which crystallises without lodimnitrate, 

Common salt, salamrnoniac, are all anhydrous, 

potassium chlorate and potassium d ..cuallv crystallises 

U this should be remembered. ^ salt which u^uaUy 

with water may often he rendered ;^nhydrous b> ^'^ating.^ 

the water of crystallisation is ^ vi/riol) when heated 

crystals of hydrated copper sulphat ( cnlnhate (Fig- 43)- 

fall to a white powder of anhydrous copper sulphate ^ g 

•Notice carefully the 

a substance with water) and . seep. 146). Some hydroxides 

or radical with the Ayrfroxi* radi^ . ’ calcium hydroxide. 

readily lose water on heating, forn ^ . sometimes called 

or slaked lime). In older books, hydroxides 
hydrates. 
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This powder at once takes up water again when moistened, and 
becomes blue. This fact is made use of in testing for the presence 
of water in anhydrous (or ‘ absolute ’) alcohol. The white 
powder also slowly turns blue on exposure to air, by absorbing 
moisture from the latter. 

Solutions, or hydrated crystals, of cobalt chloride are pink, 
but on heating the crystals lose water and become blue. They 
also become blue when exposed to dry air, and a device for 
indicating the dryness of the atmosphere has been based on this 



AnlqrdnsuiCoppefSuIphale Copper Sulphate Ciystab 


Fig. 43. — Crystals of Copper Sulphate Hydrate and thb 
Amorphous Anhydrous Solid from an Equal Weight of 

V. R V ST ALS . 


fart. Since the blue colour is more intense than the pink 

writing on paper done with weak cobalt chloride solution is 

mvisible when dry, but on holding the paper before the fire the 

water of crystallisation is driven off from the cobalt chloride and 

the letters appear, m green or b'ue. They fade again when 

e.vposcl to air by taking up moisture. Cobalt chloride solution 

can therefore be used as an ' invisible,’ or ‘ sympathetic,' ink. 

fr,. . soluttons. The ice formed when sea water 

freeze?? fields troll Wiiirr 0x1 iiielting. 

The solid when solutions freeze is usually pure ice • 

all the suhi e renM,n> in the still liquid portion. Thus freezinV 

01 p solution. I ho suhniurt ivniaining will boromc increasinelv 
richer in salt a.s more and more ice separates. 

lf*kO kr*.. A. I* « • . 


sol^n '^at of the pure 

rara d hrlllu . '^1™ so much solvent has 


dissolved 
much solvent has 


separated in iho <n'; 1 .t .t . o, owivcuc nas 

in the iKiuid is oni; 


FREEZING OF SOLUTIONS 


Pitre^ 
li/ater 











Solution 

freezing 

mifcture 


On further cooling, both ice and salt will then separate together 
in the solid state in the proportions m which they exist m the 
solution, and the temperature remains constant. ,7^*® 
temperature ( - 22° C. in the case of common sa t), which is he 
same as that of a mixture of ice and solid salt, is called the 
cryohydric, or eutectic temperature. Dissolved substances lower the 

^^The^lowering of freezing point of water caused by adding 
alcohol or glycerine is utilised m countries which ha^e 'er> 
severe winters to prevent the freezing of water m motor car 

radiators and cooling systems. 

The melting of snow in streets 
by strewing it with salt is another 
application of the same effect. 

A mixture of ice and salt is 
used in freezing ice-crearn. A 
different kind of freezing mixture 
makes use of the considerable 
absorption of heat which results 
when many salts, such as am- 
monium nitrate, dissolve in 
water. A mixture of salts {e-g.y 
ammonium chloride, potassium 
nitrate and sodium sulphate) 

may also be used. 

It should also be remembered 
that dissolved substances raise 
the boiling point of a solvent. 

a,;;, ssrs ” 

m"rkint'u"e 'Tthe 

tional crystallisation may be used * ....a liarticularlv the 

Consider a mixture dis olve 1 20 gm. of potas- 

It is seen that 100 gm. of chloride. If a mixture 

sium nitrate but only 37 gm. of so amount of water 

of equal parts of the two salts is heated %Mlh an amoun 


p,Q — Depression of 
Freezing Point of Water 
Caused by a Dissolved 
Substance. 

PiHK Wati;k AT o'< ; si' 

WaILK. CO^■tAI^^Nl» UI^^Ol-Vl.l> S'il, 

(Ki r^ts At - - C. 
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insufficient to dissolve all the sodium chloride, the whole of the 
potassium nitrate will go into solution, together with some 
sodium chloride. 

Now let the solution be poured off from the undissolved sodium 
chloride, and allowed to cool to room temperature, say 15®. At 
this temperature 100 gm. of pure water is saturated by 25 gm. 
of potassium nitrate, so that a considerable amount of this salt 
wilt separate from the solution. A small amount of sodium 
chloride will also separate, since its solubility at 15® is about 36. 
This small amount of sodium chloride may be removed from 
the potassium nitrate either by repeating the process of crystal- 
lisation, when all the sodium chloride will remain in solution, 
or by washing the crystals with ice-cold water, in which potassium 
nitrate, as is seen from the curves, is much less soluble than 
sodium chloride, so that the latter is removed. 

A variation of the process is used in making potas.sium nitrate 
for the manufacture of gunpowder. Sodium nitrate is much 
cheaper but is unsuitable for gunpowder because it becomes 
damp on exposure to moist air. A mixture of sodium nitrate 
and potassium chloride is dissolved in hot water, when a solution 
IS obtained from which potassium nitrate and sodium chloride 
are separated as explained above. 

It is not possible to make calculations as to the amounts of 
the two salts dissolved at different temperatures from the mix- 
ture, since the solubility of one salt is not the same in presence 

1 water. Usually one salt lowers the 

solubility of anotln.T, but not always. 

It is clear that a greater number of crystallisations will be 
required to separate salts which are nearly equal in solubilitv, 
such as barium chlmid*- and potas.sium chloride. Isomorphous 
salt> {see P- 1^7). /.e. salts crystallising in the same form, cannot 
be se[>arated hy cry.*,talli-atiun, since ihe crystals deposited from 
the solution contau. both salts. 

l^ractional crystallisation is frequemlv used on the technical 
ica.e for th.. separation -.nd purification of materials. It may be 
th^it only a snudl amount of the desired material is present with 
a l.i gc quantiiy of ocher materials, and then a rather laborious 


-r * . ^ v * V .-'IC4J I ismion I roni 

'rhermml"'" ore' called pitchblende. 

1 he mantk>u^ed m „v and. .. vingas l)urners contain a metallic 
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oxide called thoria, together with a small amount of another 
called ceria both obtained from a mineral called monazite. 
Thoria and ceria are members of a group of substances called 



Vacuum Water Alcohol €thvr 

_ 


Fig ds —Heap of Monazite Sand and a Gas Mantle. 

rth<i because some of them occur only in sma^ll quantities 
Sties The rare earth minerals often contam 
several earth? and' the separation may involve hundreds of 

" 5 vlpo.?‘pressure.-A little petrol spilled on the floor of a 

carage rapidly evaporates, or dries ...... 

up, whilst lubricating oil 
without evaporation for an indefimte 
period. Petrol is called a volatUe 
liquid and oil a non-volatUe Uqmd. 

Liquids differ in volatility : petrol is 
more volatile than water. Why arc 
some liquids more easily evaporated 
than others ? This is made clear by 
an experiment. 

A few drops of water are intro- 
duced into the vacuous space of a 
barometer tube ; it will be seen that 
the mercury level at once falls (r>g- 
46) At a fixed temperature the 
mercury level assumes another con- 



Fig. 46.— Liquids intro- 
duced INTO Barometer 
Tubes and exerting dif- 
ferent Vapour Pressures. 
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If the experiment is repeated with alcohol and with ether, it 
will be found that these liquids have vapour pressures greater 
than that of water, and the vapour pressure of ether is greater 
than that of alcohol. The higher the vapour pressure of a liquid 
the more easily the liquid evaporates. Volatile liquids have 
lower boiling points than less volatile liquids. 

Just as there are unsaturated and supersaturated solutions, 
so there are unsaturated vapours and supersaturated vapours, which 
take up more liquid, or deposit liquid, respectively, when 
brought in contact with liquid. 

The atmosphere always contains a certain amount of water 
vapour, but it is rarely saturated, so that water usually evaporates 
when exposed to the air. 


■ 



Vapour pressures of solutions : deliquescence. — The vapour 
pressure of a solution may be determined in the same way as 

that of water : it is usually smaller 
than the vapour pressure of water, 
and more concentrated solutions arc 
found to have smaller vapour pressures 
than dilute ones. Very soluble sub- 
stances can thus form saturated solu- 
tions which have vapour pressures 
smaller even than the pressure of 

F.a. 47.-WASH noiT,.Es ‘-■■-‘isting in the atmo- 

roH PuRiFYiNo AND Dry* 1 nc) can attract moisture 

iNG (Jasks. trom, and they gradually become 

liquid, or deliquesce, on exposure to, the 
air. Calcium chloride, < au^tic soda, magnesium chloride and 
pot;i>siuin carbonate arc deliquescent substances and must be kept 
in tightly closed IiotLlc*,. Impure table salt (sodium chloride) 
iiNUally contains small amounts of c.ilcium and magnesium 
fhlorific-i and deli<|ac;c<>, or becomes damp, on exposure to 
■u). li tlv common salt is mixed with sodium carbonate and 
phuspliatc. witu h ci-ina rl the deliquescent salts into the insoluble 
non-(. nqiifsc.-iii ;:i -gnt ‘iuri and c.-.leinm carbonates and phos- 
p.iui* s. the l.ible salt eea-es tr^ b.,. deliquescent and can be poured 
out i-oM im, cumnmr... ,,at is of this tvpe. Even 

this s.iu becomes damp ..ii exposure to very moist air, since then 
lu \a|)ui:. pressure vi t] satu..ued sodium chloride solution is 
less u.-in me pressure oi i.a v.- i- .• vanour in the air 

,?rnm Y’'!''’','" ' .f,' from the air but do not 
hteome li,)um. 1 ney -.-.e ca.’.eu hvs-os:opic. Woollen garments 
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which have been ‘ aired ’ and feel quite dry usually steam when 
held before a fire. moisture and may be used to 

c:S " 

s°piSr -= 

concentrated sulphuric acid, 

hvsroscopic materials, are also used. 

The liquid acid may be used m w«h- 

V /Xiia End ^ strcfttn of 

bottles (rig. 47; . Ug 

bubbled through, it, or it m y b 
absorbed in pumice, the pieces oi 

pumice soaked in acid being 

tower (Fig. 48 ) and a stream of 

gaT^ssed through ‘he tower S^.d 
drying agents, such as ca c.um cMoride 
are usually contained m U -tubes o 

"^ffiTre dried by keeping them in 
• ^ r»f the above substances in — 

air over on called a desiccator ^8 — DhvingI 

tso “lied from the Latin su^us, dryV poa Drv.no Onses 

k common f-- ^ytrag-Vist ‘he lower half and the lid is 

Z'’! a Lolnd flange, which is greased. 


m 

POOfl 

S’g’, 

,OjoO 

POQ' 




M hvdrates ■ efflorescence.— U a crystal of 
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of the water vapour in the atmosphere, the crystal will lose 
water on exposure, and effloresce (p. 46). The rapidity of 
efflorescence is increased' by suspending the crystal in a desiccator, 
whilst if the crystal is suspended in a test-tube containing a little 
water, so as to saturate the air with water vapour, it does not 
effloresce. Efflorescence is more rapid when the crystal is heated, 
since the vapour pressure is then'increased. 


CHAPTER III 
elements and compounds 

^ • 1 Tt U a matter of common observation that 

s,T3 rsss 

disappears changes appear to be much less deep-seated. 

•-f 

poranly, converted into water, on warming. A bar of 

iron which has been hea ed to f “‘^‘Jfeovered without 

apart ^ " A piece of platinum wire when heated m 

change on cooling, a pie . unchanged on cooling, 

a Bynsen flame becomes red htb - unchang ^ 

In^tTliir on heating taUes Are 

and burns brilliantly, '.“''‘"^^^'^'’0 ®,y a' few properties of the 
Material changes either V called physical 

material, and are ^mporary when^jhey^am. 

changes ; or they are rnuc . . the formation 

appearance of the , called chemical changes. The 

of a different material, „ e^some striking chemical changes. 

following experiments ill^^^^^ ^ 

i. ^p.sysh-; sxtifpt wE,. T.. pk„pi..~. 

slum thiocyanate, which are a P Jj^tiop of ferric chloride 

'"“dtTwth":*Utde‘'h;dmchi:rl^^ 

kss fs ad^d Xe, buck and red solutions are formed. 

' 47 
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A small pill of mercuric thiocyanate heated by the flame of a 
taper swells up into a worm-like mass of a friable yellow substance 
(‘ Pharaoh’s Serpent ’). 

A mixture of 5 parts of fine iron filings and 3 parts by weight 
of flowers of sulphur is heated in a test-tube (Fig. 51). The 
sulphur boils, and then the iron begins to glow, and continues 
to do so when the tube is removed from the flame. When the 
glowing ceases, the tube is heated for a short time, then allowed 
to cool by placing it on a tray of sand. When cold, the tube is 
broken in a mortar. A greyish mass is obtained, which is 
easily powdered in the mortar. The powder is black, and 



Iron filmjs 


Iron Sulphtdc 

(cocnpounJ 


Iron + Sulphur 
(mixture) 


Fir,. 51.- KspEKIM^NT lLLr?TR.\TING THE roHM.\TlON OF 
A coMror.vii. iKoy si-i.vhioe. on iik.\tini. a mechanical 

MlXlCKi; l‘l IKON ANlJ bCMMH R. 


under a icn.s no iron or .•'••ilphui panicle.s ran he di>tingui>hed 
in ii, although tiusr ran h*- m on in the mixture. It yields 
no 'ulpliur v.iirn trratrd wiiii carbon disulphide, which dis- 
.' 'l-."' .^ulpluir ‘rom th-- liix'urr and if a magnet is brought 
00. ;t ron ■■ not ..ttra a .-d, as it i> t>om the mixture. The 

lo.n aa.i .-.diihar ha\e form.-d a n.-w substance, called iron 
salphiile. 

F'ora 'h.-se exprritnu;:,-. i: ! .— n that chemical changes are 
itten a- ' .i'op.. '.ted b;. .1 c 7 oiulion of heat. 'I'his. however, is bv 

no ;iH.i : Iv .c . tlu* c-i'.,'. , ,• ; oinolinus heat is absorbed. 

U n. ti coc. rated Iiydroriilorir arid is poured over crvstals 
ol (dauber - <..!* ;n .i beaker, the cr.- -tals U\\ u. u granular White 
powder 01 .oi .mon salt, .v -onMderalh. absorption of boat 
oieur.s, and water in a ^ -t-t.ibe placed in the beaker is 
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frozen. This is an example of a chemical change accompanied 
by absorption of heat. 

Characteristics of physical and chemical changes. — Some of 
the main characteristics of chemical and physical changes may now 

be summarised : • j r 

I. Physical changes : no new substance is produced : if 
anything more than mere heating or cooling is involved, it is 
usually merely a change of state (melting, evaporation) : apart 
from latent heat absorbed or evolved in changes of state, and 
heat supplied to or removed from a body, there is no marked 
evolution or absorption of heat : the change is easily reversed by 
appropriate alteration in the external conditions : the weight 

of the material remains unchanged. 

II. Chemical changes : new substances with different pro- 
perties are produced : the change is generally attended by 
evolution of heat (sometimes by absorption of heat), and 
sometimes (as in combustion) of light : the change is not easily 
reversed by mere change of 
external conditions unless the 
system is in a state of equilibrium : 
the weight of the material usually 
changes when it is converted into 
the new substance. 

Chemical changes occur very 
easily between dissolved sub- 
stances, on account of the ex- 
tremely fine state of subdivision 
of such substances (p. 32). 

The law of indestructibility of 
matter. — Although the weight of 
a material usually alters when 
the substance undergoes chemical 
change, e.g. the white powder 
formed by burning magnesium 
in air is heavier than the magne- 
sium, this may always be traced 
to the addition or removal of some 
other substance. In some cases 
the weight seems to diminish, as 

in the burning away of a wax • * u 

candle. - The following very instructive experiment shows that 

in such cases there is really no destruction of matter. 

A small candle is fitted through a cork, with holes bored to 




Fig. 52. — Burning a Candle 

so AS TO RETAIN THE PRODUCTS 
OF Combustion. 
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THt »A«U. ^ • MA..l,tUlRC roP ABE 



INDESTRUCTIBILITY OF MATTER 


5 » 


admit air. 

tS'r rjT AS 

R? AA J. bcj.™. — JS AS 
s; .SSSTA. b, b..5b«,„, 

;SS.Ti.S A % J;™ 

rS'' *St;s’.sv.sssS3 A»«. ALbbb.h 

S.“S‘ AE Abb, b^ b, o.,b ,b„ 

StbSf SSS i. hbb* bj. » .b; .™«"5 ss 
KS ,hS!S S Stb. b- » -bleb 

side, and it will a thousand times as dense 

fA"r°"VTe"o’riginara;paratus used by Guericke is shown m 

^In^der to put to ^ 

total weight m chemical usually called, must be 

change, or cheimcal reaction J materials can 

instituted m a closed sp , is not decisive in this 

escape. The experiment with the cana 

respect, since it does "Ot en combustion. Since a candle 

Un'o" easily ktn<ilerrn\ closed space, it is more convenient to 



52 


EVERYDAY CHEMISTRY 



Fig. 54 — Globe for 
WEIGHING Air. 


use a small piece of phosphorus, which readily ignites on 
warming. 

A small piece of white phosphorus is quickly dried between 

filter papers and placed in a strong 250 c.c. 
round-bottom fiask, tightly closed by a 
good rubber stopper. The fiask is weighed. 
The phosphorus is warmed till it ignites. 
When the combustion has ceased the flask 
is allowed to cool, and is re-weighed. The 
weight is unchanged, although an evident 
chemical change has occurred. 

Another kind of chemical reaction occurs 
in solutions. A little ferric chloride solution 
in a test-tube is placed inside a fiask con- 
taining potassium ferrocyanide solution, and 
the flask corked and weighed (Fig. 55). 
On tilting the fiask, the liquids mix and a 
deep blue precipitate forms. The flask is 
reweighed. There is no change in weight, 
although a chemical change has occurred. 
These experiments show that, in the cases 
, , investigated, there is no change in total 

thH reaction occurs, or that the total weight 

th/^uh Mn- *’ eqaal to the total weight of 

nt .ub.^tanccs whirh entered into reaction. Numerous ex- 

penments have proved that this result is quite general - it 

Matter 0^1 it r' Law of IndesLctibility of 

Better, or tlte Law of Conservation of Mass. 

hi.s name is used bef-ause the weight or 

mass 0 } a body i.s considered to be a 

measure of the quantity of matter in it. 

Some important appiicntions of the law 

of i-(m.servution of mass are <-onsidered in 

the next paragraph. 

Elements and compounds.— Substances 

may undergo chcmieal changes in one of 
two ways, according to their <-omposiiion 
hither the substance increases u\ weir^ht 
111 all the changes which it utuf-r.-ne,'. 

•T ir gives other substances, .-a. li of 

/ht than the original subsian- • o- as is srid h a 
il.is result has been found bv aonrm ri.tt ’ ^ 

which th.- following are tvpica! ' ^ ^ c.vpenmcnts, of 



Fig. 55. — Chemical 
Reaction in a Closed 

ScACb WITHOUT CHANGE 
I.'.’ WEIGHT. 
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Let o-s gm. of magnesium ribbon be heated in a weighed 
loosely covered, porcelain crucible (Fig. 56) over a small flame 
till combustion ceases. Then let it be heated strongly for ten 
minutes with the lid off, cooled and ^ 

weighed. There will be an increase 
in weight, which, if the experiment is 
performed carefully, will amount to 
0*333 gm. The magnesium has com- 
bined with oxygen from the air. 

Next suppose that a weight 01 
2* i 6 gm. of red oxide of mercury 
(mercuric oxide) is placed in a weighed, 
hard glass tube, connected by a rubber 
stopper with a glass delivery 
leading to a pneumatic trough in 
which is inverted a measuring cylinder 
full of water, the mouth of which is 
over the delivery tube (Fig. 57 )- 



Fig. 56. — Heating Mag- 
nesium WITH ACCESS OF 
air; a compound, mag- 
nesium OXIDE, IS FORMED. 
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be about i i8 c c If a glo.ving chip of wood is placed in the 

fu I lu burns ^v^th a brilliant flame, indicating 

that the gas is oxygen. ° 

If a pure substance can be decomposed into two or more 
^bstances of smaller weight, as the red oxide of mercury into 
mercury and oxygen gas, we say that it is a compound.^ If it 
a ways yields substances of greater weight, indicating that, in 

other which It takes part, combination occurs with 

other substances, and never decomposition, the substance is 

It IS clear that the experimental distinction between elements 
nmte^sIL^r th^ indestrucrib^Tf 

is ^ar^tedl^t '^be process by which^a compound 

of red oxilTf decomposition 

rrlu / T by heat, is called analysis from the 

iiipiiSiiii 

of a co„.p„.,„a of fh "r“i,'o-a^'of 

The same compound, also, gives the same 

w^m 'n" P'^^’P^rtions, no matter 

; . u means are used for its decomposition 

experiSs by the following 

o-de of 

lid o'} th. c uc iu " " r;’"' 

conus in™ i>-^ "eight be- 

cace^lK. .ith 



I'lG. 58 . — Hose's 
Ckucible. 
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until the violent action ceases, the watch-glass being.placed over 
the basin after each addition to prevent loss by spirting. The 
solid on the glass is washed into the dish, the excess of acid 
is then evaporated off on a sand-bath, and the material is heated 
for ten minutes over a Bunsen flame. The dish is cooled and 
weighed. The residue is oxide of tin. 

It will be found that, within the limits of experimental error, 
the weight of oxide of tin obtained from i gm. of tin in the two 
different methods is the same. Hence the composition of oxide 
of tin is constant, and independent of the method of preparation. 
Oxide of tin is, therefore, a compound, not a mixture or a solution. 

The distinction between chemical compounds and mechanical 
mixtures is simple, but that between compounds and solutions, 
both of which are homogeneous, requires further consideration. 
Solutions of common salt in water may vary in composition from 
pure water to a saturated solution of salt, and between these 
limits an indefinite number of compositions is possible. Oxide 
of mercury, on the other hand, always has the same composition, 
loo parts of mercury and 8 parts of oxygen. Substances such 
as oxide of mercury, of constant composition, are called compounds : 
homogeneous materials such as salt water, of variable composition, 
are called solutions. 

Solutions are always separable, by suitable means, into two 
or more pure substances, either elements or compounds. Thus, 
solutions of salt in water are separated into these two constituents 

by simple evaporation. . 

The arrangement in the following table, which summarises the 
contents of the preceding paragraphs, should be carefully noted. 


Materials or Bodies. 

I 


Heterogeneous 


Homogeneous 


Non-elements 


Solutions Compound 

(Variable composition) (Fixed composition) 


Elements 


1 

Pure substances 
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Types of chemical change. — Although practically all chemical 
changes may be regarded as made up of combmations and 
decompositions, it is usual to recognise in all five types of 
chemical change : 

(1) Combination : two or more elements combine to form a 
definite chemical compound : 

iron + sulphur = iron sulphide. 

(2) Decomposition : a compound decomposes into two or more 
elements, or into simpler compounds : 

mercury oxide = mercury + oxygen * 
calcium carbonate = calcium oxide + carbon dioxide. 

(3) Replacement : one element replaces another in a com- 
pound : 

iron + copper sulphate = copper + iron sulphate. 

A clean piece of iron dipped into copper sulphate solution 
becomes coated with a red deposit of copper, whilst iron goes 
into solution. 


(4) Double decomposition : two compounds interact chemically 
by exchange of parts to produce two new compounds : 

potassium iodide + mercury chloride 

= potassium chloride + mercury iodide 

f potassiuniv. .mercury 
\ iodide chloride I 


Clear colourless solution.^ of the-e two sp.lt.s when mixed at 
once tlirow down a precipitate of >011'! ins(>lubie mercury iodide. 
Tliis is at first yc!!o\^. but quickiy l»econics red. Potassium 
chloride remains in solution, as may be found by filtration and 
t vap«jratioti. 

(5) Isomerc change: when red mcrcurv iodide is heated it 
becomes yeliow. and yellow on cooling. ^Many sub- 

g hut recover the original colour 
i yellow when hot but becomes 
yellow form, which is a second 
'-crone.'.s rcfi ag.dii hen rubbed 

o! {7 changing 

' .'' ■’‘gc’-iics hui tii: same com- 
!>:, and -.s called ai\ c-n? ehi.ngc. 

liven elfn.eius can cxi- 1 in difiVrcr.t C.itos. The diamond, 
graphite or black le.nl. and ci er''.'.*; .oe v,- different forms 
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which goes on very slowly even at room temperature but more 
rapidly when the tin is strongly cooled. Aristotle (384-322 b.c.) 
said that tin ‘ melts ’ when exposed to cold, and he no doubt 
refers to this change. The grey form is really the one which 
is stable at cool room temperature (below 18® C.). 

It must be noted that isomeric change is an example of 
chemical change in which the substances neither increase nor 
decrease in weight (p. 52). • 



CHAPTER IV 

the early history of chemistry 
The early history f ^^Tclmpo'unl 

chemical elements and on c Chapter III, were 

them in definite P^°P - The definition of an ele- 

reached only after , fr^m the seventeenth century, 

:„ent which has been given datesjrom ^ 

when Robert Boyle, as terms equivalent, and to under- 
use ‘ elements and those primitive and simple 

stand both by the one ^nd the other. ,,.hich 

bodies of which the ttnxed f>, According to Boyle, therefore, 
they are ultimately ^ chemical analysis^ or are 

the of decomposition by chemical means. 

Bovle, however, alihouph he sno^^c^^^H 

things thought m his ^'^nc to t This was first done 

able\o give a hst of 

by Lavoisier, m his / u^ve come to be recognised, 
sLe his time, about ninety elem^n^ h^^^^ 

\XS. 

"S.,1 .i~ ■>■• .i.. ; - sTrr.SVS 

held in *XSolle To these.’ the alchemists added 

Th^e ;s‘S - 

from them by chemical processes^ 
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Theory of the four elements. — The idea of an element occurs 
in the teachings of old Greek philosophers. Thales (640- 
546 B.c.) supposed all things were formed of water ; Anaxi- 
menes (560*500 B.c.) of air ; Herakleitos (536-470 b.c.) of fire; 
Empedokles (490-430 b.c.) of four ‘ roots \ fire, air, water, and 
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which pair of opposites he firb 

obuined the four elements. 

Water was a type of moist 
and cold things, fire of hot 
and dry, etc. A fifth im- 
material element, the quint- 
essence, was added later, 
corresponding with the 
ether. Such an expression 

as ‘ the fury of the ele- 
ments ’, meaning air anU 
water, still sometimes ap- 
pears, but such literary 


AIR 


earth 


■WATER 


.cienubc .h.orics, are passwr^ our 

of use. 
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Most of our common ideas and ways of looking at the world 
we^ really shaped by the old Greek philosophers, whom we 
owe such ^concepts as matter, force, elements, number, space, 

''The^'earliest chemical knowledge.-Several chemical sub- 
stances such as the oxides of copper, iron and zinc ; alum , the 
sulphates of copper and iron ; sulphides of arsemc and mercury, 
and vegetable and animal products, including dyes, were known 

in the Classical Period and, with some simple 
such as the working of metal and alloys, gilding by 
solutions (amalgams) of gold in mercury, and testing gold and 
silver for purity, are described m the writings of Dioskundes 
(6o A.D.), Pliny the Elder (23-79 a.d., the author of the famous 
History of Nature in 37 books), and Gakn (131-201 a.d., the 
great medical authority of antiquity). Even earlier th^ 
we find Theophrastos (315 b.c.) describing sorne simple chemical 
operations, e.g., the manufacture of white lead (G^ek, 
i>simuthion) : ‘ lead is placed in an earthen vessel over sharp 
vinegar, and after it has acquired some thickness of a kind ol 
rust which it commonly does in about ten days, they open the 
vessels and scrape it off. They then place the lead over the 
vinegar again, repeating over and over again the same process 
of scraping it till it is w’holly gone. What has been scraped off 
they then beat to powder and boil [with water] for a long time, 
and what at last settles to the bottom of the vessel is white 
lead.’ (^Treatise on Stones.) This is a fairly accurate account 

of the process. 

Pliny thus describes the preparation of mercury : They put 
vennilinn in an earthen vessel well luted over with clay, upon 
which there is .set a pan of iron, and the same covered over the 
head with another })ot, well cemented. Under the earthen pot 
u good is niad** and kept continually blown. And thus by 
circulation there wjli appear a dew or sweat in the uppermost 
vessel. [>ro''':eding from the vapours set free. When this is 
wip'd* off it v.-iii be as liciuid is water hut in colour will 
resemtle silver.’ This ilescripti' »n imperfect and was no 
doubt co; ied by Pliny from <:n author he did not clearly 
uo'Jcr't- id. 

might have expected that such processc.s would have 
arou.sed the of Icarn- d men, and although they did in 

fact provide r'eicises in making up fi'eories, only .a few men 
seem to have made exyoar:/:/.., and the studv of natural 
science was not h- Id in nigi: esuinath n in the P.oman Empire, 
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of Egyptian recipes of *1® W®. in ,s,s in a tomb at 
the famous Papyrus Another part 

Thebes m Egypt, and kept in t L-nkholm The papyrus is 

of the -me papyrus was S t ^p_^py^^ . 

written in corned from much older Egyptian 

contains recipes wTth the production of imitations 

sources. These deal y railed bv its old Egyptian 

of an alloy °J SoU “ll and Roman V/oa«), |-hicll 

alloys and plated „ ,he real ’ (an almost modern 

metals and were even be te han th^ re t 

imitations °f , of the papyrus (Fig. 64) deals 

sense real. and their imitation. A quo- 

also with gems illustrate the point of view ; 

tation from the into a powder as fine as flour. 

‘ One powders up gold P° ^ixed them, works 

2 parts of lead for i of in^with the mixture ; 

them up with gum. One co -^P^until the object has taken 

then heats. One ' a th^fraud, since the touch- 

Mtf colour. It IS ^ The heat consumes the lead 

stone gives the mark of true goia. 

possibte’that the work represents the note-book of a 

I' generaUy ^ 

mouth of the Nile in 33 * P'^' libraries and the Museum or 

Here there were J^j'^aries U Sid to have contained 
University. One of th .. .. destroyed by fire m 47 b-^- 

700.000 books : It was ^ The Museum was a 

Ind the second was science, and me 

centre of learning m P^ ' famous, the voyage to Alex- 

rndrS S “study “iL^schooTbein^ then regarded as essenual to 
a medical man. 



6 



, , ' ^ ^ /s ncjJLXA^Ktj 

C r ^ A> AA^-^ t:^ -f^A^ ~ 


r 

’>VAJ* 


A. \ V • -A«i * 


t . -.' ;- . - - 




. . — * ' r ' i-** C* « J • j , ••.< v« 7 * 

• ^v7..‘ • . . ' V ^/' ‘Z 


' VX r - ^ 


i 



THE BEGINNING OF CHEMISTRY 


05 


Because of its composite population of f 

of early chemistry or 

"‘Semy arose ir> Alexandria about the of 

tian era from ^sion of metallurgy, dyeing 

these comprised the ancient £.gyp formed its 

and rnaking coloured glass and fritn Greek philo- 

practical part, ^he other, tn ^ ^ primary matter 

sophy, particularly the views j ^ produced 

(p. 6o). It came to be specific form {eidos) and 

by first divesting a common m brought about by 

giving it the form^ of gold. been revealed to 

the ‘ divine or sacred Trismegistos, a form of the 

mortals by angels or the H fnd hence alchemy 

ancient Egyptian god name of Hermes is 

was also called the ‘ H^^"^^'*^^[‘_tically sealed’ (‘Hermes 

sirs? in <id%oXr?or closing a glass vessel by meU.ng 

“’^TSfbeginning of cbe«. ol' 

the Christian era we find Chemical operations 

chemistry in Europe or t have seen, but the 

were known to technica name first occurs in an edict 

information was cmpirica . . , ^ where the books of ibe 

of the Emperor DiocleUanus m 196 w ^ 

Egyptians (m Alexandria) n j^ors who report this as 

The word appears in the UrceK ^ ^^rs to have been 

xnt^^la, but it IS not a Greek \v £ a country which 

derived from the native des g Osiris, written about 

Plutarch, in h.s on account of ’.he black colour 

of its soil. This ” 1 nhic form of the word is used, 

scriptions, nt ^ the Egyptian art.’ It occurs also 

The name probably St Mark’s in Venice, copied 

in a Greek manuscript now at J5t. 
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about 950 A.D. from a work of the Egyptian chemist, Zosimos of 
Panopolis, written about 2507300 a.d. 

The earliest chemical books were written in Greek m the first 
four centuries a.d. The oldest actual manuscript is the one at 
St. Mark’s in Venice, and there are many later ones in 
the Bibliotheque Nationale in Paris (see p. 68). The earliest 
author is probably Demokritos, not the old Greek philosopher of 
Abdera, the founder of the atomic theory (p. 135), but a writer of 
the first century a.d. Another old author is Mary the Jewess, 
who invented apparatus for distillation (the ambix)^ and for 
sublimation (the kerotakis), shown in Fig. 64. 

The distillation apparatus, later called an alembic (Arabic al 
ambiq)y had a lower vessel or lopas (afterwards called a cucurbit 
or aiuder)^ and an upper part or ambiXy this being the name of a 
cup with a long spout, which when inverted was very like the 
head of the apparatus as described and illustrated in the manu- 
scripts. The sublimatioi> apparatus, or kerotakis, comprised a 
small charcoal brazier, above which was a metal plate with cup- 
shaped depressions into which the material to be heated was put, 
and inverted over this was a glass bell-jar to receive the sublimate. 
The plate was like the metal palette used by painters using wax 
pigments for encaustic painting. 

The treatises contain many technical terms not found in our 
Greek dictionaries, just as modem English text books on science 
contain many words not found in the dictionaries based on 
literary works. Th' v also contain many common words used 
with very uncoinnj' ^ meanings, a favourite device of tlie later 
alchemists for concct iing information. Zosimos, for example, 
speaks of a ‘ divine water also called the ‘ bile of the serpent ’, 
which v/as made by boiling sulphur with milk of lime, and was a 
yellow solution of calcium polysulphide. This had the property 
of chang 'g the colours of many metals, like lead and copper, 
and of gi . Ing coloured precipitates with solutions of metal salts. 
When mixed with vinegar, it formed a milky-white precipitate of 
sulphur, and a st.ong smell of sulphuretted hydrogen — Zosimos, 
in fact, says the operator should hold the nose when working 
with it. 

'‘'he treatises also contain some obscure and mystical matter, 
and descriptions of visions, which seem to describe chemicai 
operations in vague allegories. This style of writing has 
always been a feature of works on alchemy of ail periods. The 
metals are denoted b\' the symbols of the planets with which they 
were associated, and there are symbols for nposratus and pre- 
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/ , The picture of a serpent eating its tail 

parations (pp. i39-J4o)* P , of matter. 

(the ourodoros synibol) per P amount of practical 

The treatises, however contain a la^r 

chemical information, which appears in in 

and also many diagrams o c 1 golution filtration, crystallisa- 
operations of fusion, calcination, d 

tion, sublimation and cspe y . the open fire, lamps, 

described, and methods of wearlv all this practical know- 

and the sand and ^^abs who really derived it from 

ledge has been ascribed to the ’ j Xhe Arabic name 

s,”? rr„r r -k 

fraudulent processes '^f we metals into gold. The 

now become real "d W changing the colour > of lead or 
process was to be c^ecte .y^^ chemicals, and copier turned 
mercury by means of v silver. The trans- 

white by arsemc was bv the Arabs a/iisir (elixir) and 

muting agent (««<>« was cal ed . or the 

hv the European alchemists r 

(r.«. fn after thi death of Muhammad in 

Chemistry 'T^^nouercd much of Syria, Babylonia 

632 A.D., the Arabs had ^ . 'pheir language spread, and 
Egypt. North Afnca. and Spam. ne b Hellenistic) 

th^r^onuct with the ^Vcreck capital, Byran.ium 

culture enlarged their . this was first achieved by 

(Constantinople), fugitive Greeks took manuscripts^ to 

the Turks in i453. and ‘^^^^J^^hose on alchemy, which then 
various parts of Europe. published in Latin transla- 

became known. Some of ^^em ^^te i573 is an alteration)^ 

tionsin 1572 (see Fig. 65, whe learning, and the 

The Arabic caliphs ,^°t/brcame centres of inte lectua 

courts in the conquered gophy, medicine, and alchemy 

activity. Greek works on phdosop Aramaic), made 

were translated, first into Sy Christians— a sect which, 

by non-Arabs, particularly by st^^ Alexandria for what w as 
cut off from the body of t *J- ^ active in spreading a kno\ - 
considered as heresy, ^f.f^er^East. and even to China. It 
ledge of the sciences to the N er Bagdad, founded m 

has been said that, othe^ ancient learning began 

rs.tri.“ - *■'* " 
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By this time, o" H to'^eached Europe 

five hundred years, j^ostly made in Spam 

in Latin translations °one^ime U 

from about 1100 A.D., so th Arahs. Some Latin works of 

alchemy originated to Geber, were also at one 

rather late date, e.g. those att /,,nknown) Arabic works. _ 
time thought to be especially cultivated by Jabir 

Si««-S.SpS D E M O C R I T V S 
best known as a physician. a r D 
The Arabic works of Jabir, 
which contain some practical ^ O E 
material, but also niuch ^ - 

mystical, have recently been AtrehusnAturAlihus , 

supposed to have been com- ^Cue de rebus nAiu 

posed about a century alter 

his death by an unknown ^,^;/„d,i,„,fiiMichael«Pfcl- . 
author. The alchemical work 
of al-Razl, the Secrei of 
Secrets, contains much prac- 
tical information, but is quite 
■different from his authentic 

medical works. 

The physician ibn Sina or 

Avicenna (980-1036), born at 
Bokhara, passed as the author 
of a work on alchemy, ^ 

Anima, which was studied 
by Roger Bacon, but this is 
now supposed to have been 
compiled in Spam a e 
Avicenna^ s death. , In 
authentic works, AviccnM is 
a critic of alchemy, which he 
thought was fraudulent. 

A theory taught by Arabic 

authors, and attributed _f„ercuiy and sulphur, and are 

Jabir, is that metals arc composed f the catth, perhaps under 
generated from these in the interior o 


Alfxandiini,BtMichael«Pfcl- . 
l,m cuftdem commenuna. 

nemjii(« f'ifrfl""/* 

|fi<crpr«r. 
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the influence of the corresponding planets. This theory seems to 
have been derived from some passages in Aristotle’s Meteorology. 
It appears in an encyclopaedia written about 950 a.d. by the 
members of a secret society, the Brethren of Purity, at Basra, 
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.u.i . , ■!.-,■ ut nov. by th^se nam. >, bm ^ principles ’ of 

tl • Vina a.-, torr elenu Mercurv was the 

cau. .* '){ nil iailic proi:' : I . c;i*/- h as li- in j'r -i -t- 

whiUf ]- -n.,.- r^ I - . ■ ■ . ^ cUi.>a>, iustre, and fusibility, 

v mlst M.I,,nur nro..ucca i,,v . „i,d alu-iabiliiv by fire The 
dhlercn. ,n< tabs rvere to cynl.in mercury and rulphur in 
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varying degrees of purity and ‘ fixity those in gold and silver 
being the purest kinds. 

Information from Mesopotamia, Persia, and even China, was 
incorporated into later Arabic alchemy, perhaps by waj o 
Harran, the home of a heathen sect called the Sabeans, who kept 
alive the old Babylonian astrology and the belief in the relation 
of the metals and the planets. 

The actual contributions of Arabic-writmg authors to alchemy 
are very difficult to assess, but they were responsible for 
much less than was once believed. They did, however, serve 
in the transmission of a knowledge of alchemy to Europe, as will 

be seeUt ’ATiix 

Hindu chemistiy.— After Alexander s penetration into India m 
327 B.C., a knowledge of India reached the Greeks, and in the 
RomAn period Indian wares reached 
Alexandria by sea. A study of Indian 
science is made very difficult by the 
lack of reliable dates for the earlier 
periods, so that it is not known how 
much is due to other nations, such 
as the Greeks. Some of the philo- 
sophical systems, such as the Upani- 
shadsand the Samkhya system, resemble 
Neo-Platonism. The atomic theoip' 
seems to have been known at a fairl) 
early date. Although it is attributed to 
a philosopher Kanada, about whom 
nothing is known, it first appears in some 
detail in the works of Buddhists and 
Jains (a related religious sect). It was 
well known in the fifth century a.d. 

The Hindu atomic theory differs in many 
ways from [that of the Greeks, and may 
have been original ; it recognises groups 
of small numbers of atoms, which 

Early Hindu pharmacy is represented by 
of the fourth century a.d„ in which only 
scribed. The later medical works 

of the eighth and ninth centuries a.d., describe solid 
potash and soda (which are distinguished), p°’‘yjjnols. 

metals, and some metallic salts such as iron seems 

The use of mercury and mercury 

to date from the eighth century, when Buddhism underwent a 
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profound change into the so-called Tantra system, in which 
revivals of old religions were associated with magic and sorcery. 
A special philosophy, called the Mercury System, arose. 

An early Hindu alchemist is Nagarjuna, perhaps about 
850 A.D. The later alchemical works are of very uncertain date, 
and the mineral acids are mentioned only in the sixteenth century! 
Although it has been suggested that Hindu alchemy borrowed 
from the Arabs, this is uncertain. 

In his bwk on India, Albiruni (973-1048) says, in a chapter 
‘ , 9 ” Sciences which prey on the Ignorance of 

the People , that he could get very little information about 
alchemy and alchemists, and adds : ‘ I only heard them speak- 
ing ot the processes of sublimation, calcination, analysis, and the 
waxing of talc (which they call in their language fa/aka\ and so 

ak^h^my * incline towards the mineralogical method of 

The contributions of Hindu scholars to mathematics seem to 
have been mwe important than their chemistry. 

“ Chinese history 

a e more reliable than those for India, the authenticity of some 

ever I‘ seems likely, how- 

Li m -fun in China at least as early as in 

a r .H.’i;n h , ’"‘{‘IP^dently. There is, however, evidence of 

The earliest 


to Wer\ experience, which is ascribec 

The ‘ text ’ ron probably complete and authentic. 

f ^ <^onM.Ms only of arrangements of long and short lines 
and Its contents depend upon inrerpretation. ft irsupmsTto 

mairdaJkVn'd^haliT''' M "’hich are female Ind 

• r ^ ^ , and odd, etc • thev 

constam rdatiom "" ^“PP°-d be in 

The or ' canonical book of records ’ is regarded as 

li'eav«i Tnd^ear'hthbom cv'er ’ccadng 'ind ™''" 
fci reached China wi.V Puddhl.;^^'^n=i,^:^‘l^,°Lm 
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The most celebrated alchemist of China was the Taoist 
Ko-hung, or Pao-po-tsze, in the fourth century a.d., who wrote 
several treatises on alchemy which are extant. His ideas 
are said to show a close resemblance to the Yogi system 
of India, which consists in stopping the pulse, heart beats 
and some other physiological processes, by will power. He 

hv ^ life, the >5/« 

® preserved from decay. 

/ 7 w is burnt it becomes ashes, but when the 

(vhen'^tf If subjected to heat it produces mercury, 

hen It suffers further changes this becomes cinnabar again. 

hp placed over a hot fire, ‘ gold^will 

be instantaneously produced ; the production of gold i^ a sign 

of he completion of the elixir.’ No complete CWnese text 

and the subject, although of 
Aii ^ mterest, is very imperfectly known! ^ 

™ Euu-ope.— The Greek treatises on the ‘ divine art ’ 

Eu oneTrin^ th chemistry, were unknown in 

•.rrL ^4 I ^ the middle ages, and the information on alchemy 
arnved with translauons of Arabic works made in Spa^n-t^e 

of the Muslim and European cultures^ and the 
p mcipal focus for the transmission of Arabic learning to Eurone 

2 »“■ •“ !s aX 

began to aDDc ir iboiit !7'*'^'''°'^^ called) 

wrote treatises on the >!ihica in whi Avicenna, 

clearly summarised and\h! hif^h soberly and 

sources is omitted He • . language of his Arabic 

but after the ad^tse'!-!!;- o'?" Zr 

schoolmen seem to have lost inter gi'^at 

then cultivated tnainlv bv erowd' was 

‘adepts,’ who wandeld o!er Z 'artists.’ or 

patrons of their worthies, -.rt 't wealthy 

alchemy were written ifi •he'period^! numbers of books on 

intelligible and full of th. -n! ^ , e mostly quite un- 

in. IK.-, (A-bscure jargon. The alchemist 
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appears in English literature with Chaucer (1400 a.d.), and is 
criticised acutely in Ben Jonson’s play, The Alchetntst (1610). 

Experiments on the supposed transmutation included the 
roasting of the sub-metallic mineral galena in air, when lead 
was formed, with a strong smell of sulphur ; and the production 
of a small button of silver when the lead was burnt off by healing 
on a cupel or dish made of bone-ash. Also, if iron p\Tiics, a 
yellow mineral looking somewhat like gold, was melted with 
lead, and the lead cupelled, a minute amount of gold was leli. 
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Both the silver and Rold, of course, pr.-existed 

and are Dreoared from them at the present da>. Again a tici 

knife blade dipped into a solution of blue v.tnol (copper sulphate) 

apparently became converted into copper that of 

stopped ^^uth with some l.Iack substance, 

of iron and half of gold, and co 

It was then dipped into a liquid and stirred, 
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washed away and the part of the nail which dipped in the 
liquid was apparently turned into gold. 

There are several old accounts of transmutations supposed 
to have been carried out in the presence of witnesses of the 
highest reputation for honestv. 


'Altiriv's NoMsrr^ayiSvvsEssE KyiEsr. * 






EfHGIES pHILrrPlTHKTHR>iTl''i 
AS HoHEATIEI M : /‘CTAT I b 
SV/^,XLViI. / 


f^O^L^E DONA^fEKJ LCTVM 

V T- r L)tO. ^ 

IMI'IF.FECTVM A Dl.ABOLdO 


lU -M 
/ 




I 1 


In TOJ5 . m:, ;iv ip , . 

' ' n'-rimcnicr.' mi i.-i u**' ' -> 

nito L'f.'lii by n- .■ , 

pmdii, tinn <it' gnj,; h.i- • . 

'•'Iii.illy re[)ut.ili].-. . r;;: • •. 


ins Sword. ' 

' r V*.!' M ' . 

■ 'I in J.ipan. both 

' mercury 

'nirnt, .’irid the artificial 
i-atcnis. Other, 
■ •'-•di’d in repeating 


lATROCHEMISTin 


/ / 


the process, although the artificial transmutation of elements is 
now well-established (p. 255). ilrhcmist^ evt-r 



Fto. 7..-JOH*Nn B^PTtST* vas 

r.;rp?r“"-!rutr7o 

eenteenth centuries “"'’‘her sAod rf^ehemtsts 

e latrochenusts, t.e., the all 

cpare the elixir of life which the l-uaul. i 

infer perpetual youth. and Ui-' 

this sect; he believed m the H- ^^.- 

ixir of life. Paracelsus was a ‘ ji^-uiar he opposed 

isentially a reformer of medicine and ^till the 

alen and Avicenna, whose worn-o - ; the re.d 

lainsuy of the physician. ParaceNu. tau^in 


P.E.C. 
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Ss„v‘s>iX':x„2{^irH" 

method, although he still bSeve^ scientific 

SiSfeiSiiSi 

pSi:^:^£#f§r 

elusion, in which^the assimilatinn S!'*^ erroneous con- 

by the plant was gnorer ho ,IH f from the air 

coverer'of that gfs Van hIL ? 

derived from c^aos describinn- »hp°^ invented the name gas, 
particles, and designated c-irLn ^ motion of its 

;be; gas of the ^^ZsTor^ ff" 

having corked up limestone nnH .^^^^J”‘'^ble gas, because, 
the latter was burst by the P-\<i ^ bottle, he found that 

'an Helmont is somethino-^ i gas, according to 

He , Mentioned 

^‘-^"'^‘-‘"tation/lt’ was''pro\!rWy’'imp^^^^ 

with be said to have begun 

first place Hoyle was the first to ^n,?. 1 the 

and not as a means of mukintr tmlH n Pof its own sake, 

place, lie introduced a rieoroiis ^ f'tdicmcs. In the second 
chemistry, and i,i particula^r mer.i' ’’"'".''"''P*' method into 
Aristotelian and alchemiVarcienua s'l" ‘he 

them could by any process be ex r ? ''"’P ‘h‘“ «f 

case of gold, neither water nor so , , ^ metals. In the 

mercury from it : ‘ ,hc meta^mov ', ?*? "“'Phnr or 

into solution or crystalline rnm' ' ^ ndcled to, and so brought 

are present all the ti'me n.i ibo wuT'^'' n"' ‘ht^ gold particles 
'^ght of yellow, mall " h i " pon 

belore the experiment/ ’ P'^nderous substance as it was 
An element, aa ordint' i • 
cannot by any know,-.",,/. -'™'« hind of matter which 
Simpler substance- (p. ^ -y ' ' resolved into two or more 
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Boyle was a good experimenter and improved much of the 
apparatus in use in his time. He made many experiments on 
the effect of reduced pressure by means of the air pump (p. 5O 
and among other things he describes distillation under reduced 
pressure and the apparatus for carrying out the pr^ess (Fig. 72) 
The Sceptical Chymisl, one of Boyle’s works which appeared 
in 1661 and has been reprinted in the Everyman s Library, 



Fig. 72. — 


Appakatus for Distillation under Reduced 

Pressure, etc. 

USED DY Boyle. 


rnntain<5 his views on the elements but it docs not give an 
adequate impression of his experimental skill, for which his other 

" ThI -About ninety elctnen.s have been 

discovered since Boyle’s time, but many of tliese are very ran 
and scarcely ever seen even by chemists. About 98 per cent_ 
of the crusf of the earth, to a depth of ten miles, consists of 
compounds of only eight elements, and of these oxygen makes 

elements and hydrogen about eleven per cent. I he sea also 
contains about two per cent, of chlorine mainly m the fo™ of 
sodium chloride (common salt). It has 

central core of the earth consists mostly of metallic iron vMtn 


So 
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some nickel surrounded by a shell of sulphides and oxides of 
heavy metals, and this in tim by a layer of ^liLms Tnothe 

oTils'^Th^^ intermediate'^.one To cond^ ^Tncipauf : 

:«'c » ■« 


Oxygen 
Silicon 
Aluminium ■ 
Iron - 
Calcium 
Sodium 
Potassium - 
Magnesium - 


46--I3 

27-77 

8'i4 

5-12 

3*63 

2-85 

2-6o 

2*09 

i.»S*63 


Remaining 
elements - 
including : 
Titanium 
Phosphorus - 
Hydrogen - 
Manganese - 
Fluorine 
Chlorine 
Sulphur 
Carbon 


1-37 

0*629 

0-130 

0-127 

0-096 

0-077 

0055 

0-052 

0-027 


-- 'he 

nitrogen" c:;i''raT"r' 7 hydrogen, 

in the form of calcium nhosoh-it last two occur 

■■oinpoun<ls arc present in the ti.ssucs^”"’’'’ Ph°sphorus 

ofthcTmTmafTpthoVlll^enJ'^foT' °‘h^’'."'ntors, and the crust 
Oj the ocrurrent e of the elememc / making an estimate 

clue to K W. (Tarke ■ the following tabic, 


Oxygen 
Silicon 
Aluminium 
Iron - 


40 H 5 
20-0^ 
7-2S 
•fli 

This distribution 


^'<dcium 
Sodium 
1 ’otassium 


- 3-18 

Hydrogen 

- 0-97 

' --33 

Titanium 

- OM 1 

- 2-33 

Chlorine - 

- 0^20 

- 2-11 

Carbon - 

- 0-19 


shov.n graphically in I-'ig. 73, 

that in the former tabled oTalcoum I '’“'"P^red with 

'nt. the amount of carbon, n hr”, t ^rkl^rinLll^LTlT:; 

mte, 
plant; 


I u, th 'T .'nWn, on a, vount 

masses of rocks^such'^rr'lin include great 

small and thus the str^ol h f ven- 

.up the composition of th^ .. ...u ^ in making 


- -..V I 

Up the composition of the e^rfh'.' V in making 

i>e noticed that titanium whi mMgnificant. It wili 

much more abund , %h ‘rare 

aound„,a than carbon and twice as 


THE ELEMENTS 


8 l 


u Qc rhlorine The very small amounts of radioactive 

rth" be of importance m ma,n- 

U U noV bXved’'JLf only'X or ‘hree chemical ekrnents 

Alutnimum 7 * 2 S/« 

Xro5 4'Xi^ 

CAtCium 3 lS/« 

Sodium 3*33/^ 

PoUssium 2 33** 

t UV* 

Hydrogen 0 91 
TUAAlsim 0*4t /• 

0*S)% 

\C*rbi3n 0'l>V» ^ 

Otfcf l «T, 



Fig. 73.-THE Distribution of the Elements. 


‘ The purpose of ^ a" one ’ time chemistry 

^It/XetSXhX or Hfe, an^at _a 

department of medicine ; at one lime an attempt 

and at another time . element, and at another time 

to define a sin^gle of all phenomena. Chemistry 

the quest for the unchang^^ a handic raft, sometimes a ph.lo- 

SUMMARY OR THE EARLY HISTORY OE CHEMISTRY 

.40B.C, A'cbemy said to have begun in Chma^ 

S: fnXT; X^"*"^btrr.iest chennstry. 

300 “k H ng ti: most celebrated Chinese aichemtst. 
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300 A.D. Papyri of Leyden and Stockholm, summarising 
earlier technical information on metallurgy, dyeing, imitation 
of precious stones, etc. 

300 A.D. Zosimos, in Egypt, describes many chemical operations : 
solution, filtration, fusion, sublimation, distillation, etc., 
and several chemical substances and reactions. 

640 A.D. Egypt conquered by the Arabs, who later on caused 
^anslations by Nestorian Christians to be made of the 
Egyptian books on chemistry (which were written in Greek). 
Ihe subject was especially studied by Jabir ibn Hayyan 
(800 A.D.) Rhases {d. 923 A.D.) and Avicenna (6. 980 a.d.). 

1 he Idea that metals were composed of mercury and sulphur 

chemistry is merely a continuation 

of that of Egypt. 

S00-900 A.D. Hindu chemistry resembled that of the Arabs. 

in Europe by way of translations 

Aitlt. Arabic works. Roger Bacon and 

Albertus .Magnus wrote on it about 1300. 

M93-I54I A.D. Paracelsus, the founder of iatrochemistr\'. or 
chemistry- applied to the ser\-ice of medicine. 

Belmont : he invented the name and 
described carbon dioxide as gas sylvestre. 

exDerim?nt chemical element and made many 

txptnments on combustion, etc. ^ 



CHAPTER V 

C0.,P0S,T,0. » or 


■ ' ^.n. 74 MEPMKN Hmev .-77-70.. 

I .rv \Vc .ir<- now accu^u<tlHd 
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Helmnn?”®'!' “ ‘he early chemists. Van 

Helmont, who invented the name gas, about 1630, described 

two gases gas syivesire (carbon dioxide) and gas pingue (impure 

hydrogen, or perhaps marsh gas), but he was of the opinion ^hat 

contained in a vessel. Robert Boyle was pro- 

sulphuric acid, put some iron nails in it, and inverted the bottle 



USED ijv Hales 


I lu. 75 . — Apparatus 

tECTBO IV THV IN ThVV^ 


a;^’t^!ilme:r:n .1. eSr IlSw 'h- 

was inflainmable. =>'“ '^■'•^w that hydrogen 

Middlesex, PL*l>l'?-*hVd'^a 'Tcddington in 

/ in which he' dh^ 'nteresting book called 

^^ases. He heated vario.Ts n St^i d? several experiments on 
and collected the gas evoiv.-d !>. n ■'* I?im-barrel. 

from a large gloL inltVe 'i ‘i; “ ’/ water 

Mith this apparatus he mu.t Inue^co, lert ^5)- 

he contented himself with mea^urim d ■ ^ases. but 

ntca^unng their volumes without 


JOSEPH PRIESTLEY 
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studying their propert.es and so ntissed the discovery of the 

individual gases. . . f loseph 

The chemistry of gases really jevoted h.s 

-fS;; h^s'^^r^lT^t^lere puh- 


% 



n. -6 -Joseph PKit^^TLEV 

— o. S3 "S t,% 
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and in addition to collecting gases over water he showed that 
those whyh are very soluble m water, such as ammonia and 
sulphur dioxide, may be collected over mercur\- Some of 
1 nestley s apparatus is shown in Fig. 77 which is renroHnrpd 
from a fdute m his Observaiions on Air, and Fig 78 shows part 
of his laboratory, reproduced from the same wo?k ^ ^ 

In 1-ig 77 we see the pneumatic trough ^7, with the shelf bb 
water tn wh.ch stand the jars, rr, confining 



• • • * I ti r.n \ rrAK A \ 

and iinoilicr jar. , . i. : v, • - 

bf.trli'. In ill, i'A, tbc^i-nerai 

'‘'■■ni; kept in till ,.rr.m -iV 

>upp(.rt<’d on a ui*,- ,, 1 ,' ' ‘ ’r" '' '•!>'./. ••..ntains a ■ 

in.iV \ k - exposed to a 

and other ;tr)par.iiu-« for tl » li * ' .^’'^'1”“^ ‘‘ showt 

Ib<' hre an,l the ev<.]\, ,1 . oil ’ .*’'‘’‘n d in a gun-barrel 

trough ..ver niereurv A ^,1. , ’ ^'i>p,. ruled pneum. 

■ ‘ -ndle and the g ■ ‘i” i' tn-ated 

1‘dnid, n .olireied over men nrv i^-Ts’ n, ‘ ‘'ndemse r 

to a ga> evolvetl 





EXPERIMENTS WITH GASES 



c is collected over water, passing through a bladder on the way 
so as to allow of the agitation of the bottle. (India-rubber tubing 
was then quite unknown.) Fig. i8 on the blackboard at the 
back is like a eudiometer but was filled with a liquid through 
which sparks were passed. Fig. 19 is the same as the apparatus 

used by Cavendish (see our Fig. 255). . .. • • , 1 

Experiments with gases.— Gases are not so easily distinguished 

from one another as liquids and solids, and one ol ihc mo-t 



H - l’\Hr 01 PkUCSTLEY’s l,.\nORATOKV 


important parts of the simiy of (•hemi>trv i.s the acquisition ol 
familiarity with various common gases, l-ct us suppo>c \\e are 
given glass jars containing the following gases: oxygen, hydro- 
gen. chlorine, nitric oxide and carbon dioxide. 

By simple obscn>aliou it will be seen that chlorine ha> a 
greeni.sh.yellow colour, whilst the other gases are colourless. 
These colourless gases may, however, be distinguished b> 


appropriate experiments. 

(i) The glass plates are removed from the jars so 
the gases in contact with the air. Nothing occurs 
the nitric oxide, which produces deep red tumes. 


as to bring 
except with 
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(2) A little hme water is poured into the other jars, and shaken. 

1 he lime water is unchanged in appearance in all the jars except 

that containing carbon dioxide, in which it becomes turbid and 
white. 

(3) A lighted taper is inserted into each of a new set of jars of 
the gases. In oxygen it burns \vith a brilliant flame, in chlorine 

'rh t i^rs it is extinguished. 

I he hydrogen itself, however, takes fire and bums with a pale 



I'^FMONSTHATlON 


Ere,. 70. 

Tit \ I ( AHUON I >IOXir>E 


IS HEAVIER THAN AlR. 


on : Hi", "t' " counterpoised 

slowly inclined so as tota';u;'\lT'aa;'’umrard’- 

Ii™hu.rth°m air'’a;iK.%;^^^ "hewing dm hydrogen b 

•IH^^' ™%."r;e;o;nbed’hv tt'i'r 

was a most important advance in che^iustrv anH 

^•hH-flv to the brilliant and ingenious work of Priestly'!'" 


COMBUSTION AND CALCINATION 
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Combustion and the calcination of metals.-Thcrc arc two 

kinds of chemical change which, since they were investigated 
side by side!^^d depend on the same cause, may conveniently 

be described together. These arc 
combustion, and the calcination of 

metals. 

The alchemists attached great im- 
portance to the effects of heat on 
Tubstanccs, and their writings describe 
many types of furnaces, itnd <?xpcri- 
ments made with them (kig. 81). 

The metals, except gold and silver, 
were found to change when heated in 
open crucibles, and to leave a dross, 
which w-as called a calx (Latin i:a/x, 
lime). It was noticed in the sixteenth 
century that this ailx is heavier than 
the metal : the explanation usually 
given was that fire, or calonc. pos- 
sessed weight, and ^vas “b^bed 
by the metal m jorm.ng ^he 

t.ny cpcHments, and 



Fig. 81— Dkawingof 
Chemist'.s Fl'knace, with 
TWO Ai.KMHies (cf. Fig. t>5). 

MADE «V THE fAUOV> AHTI'l, 
LKOKAROO 1>A ViKCl 

(From the Codiu Milan ) 
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concluded that the air becomes thickened or adhesive by the 

action of the fire, and sticks to the calx. His ideas are very 
crude and inaccurate. ^ 

Nitre air.— Robert Boyle (1673) heated tin in a glass retort, 

sealed off the neck and continued the 

if ^ Tk was cooled, and the sealed 

wis Lalirrih -Air rushed in. ‘ because when the retort 

his mithoH f rarefied.' Boyle, from 

his method of experimenting, therefore did not notice as 

■U^honih h ‘1-^ was absorbed, 

although he found that the tin had increased in weight 

Boyle then showed that when sulphur was sprinkled on a red- 
ded not ‘hum*"" n air-pump receiver, it smoked but 

sien^ Bn^;?’ admitting air, ‘divers little flashes were 
seen. But if gunpowder were sprinkled on the hot plate under 
he vacuous receiver, he saw ‘a pretty broad blue flame like 

r h«?if Gunpowder could also burn under water Bovle 

concluded that a ^ame la» 

calcination is due to theh-^ abLipdon oM Tgnfous^^^^^^ 

mpFmMmm 

S2i„ 'LSrSi,;':,;,;-”"’ i-'"-. 

itrrZw s"" fr <« 

put forward the first 'r uional ti (1665). 

found that a bit of charcoal or f combu^on. Hooke 

thrown into fuse(l nitre. ' Iphur burns brilliantly when 

tubes!"ofprrin';:^^ "id Wdl*? 

and sulphur thrown into them wiiri f^ ^ charcoal 

burns brightly and the suloloir V charcoal 

flame. ^ulpluir burns with a beautiful blue 

On the ba.sis of experiments Hooke concluded th u ■ 

comhustib 7 e]'b(iiiL.“"H'^TL 1 '^ciion"' 

very great heat, and that witid, .ve centre 'T’t)Th" Pr°‘^““? “ 

.s made by a substance i.therent and .^^-d tfrlhaU: 


HOOKE AND MAYOW 




of air. 



Kr.r.1- entitled Traiiatus quinque medico- 

John Mayow, in elaborated a theory similar 

physid. published at bv descriptions of experiments. 

Vthat of Hooke, ; one is the nitre-air 

He concluded that “ ^ m/ro-aereus, or the mUo- 

of Hooke, calk'd l.> combustion and respiration ; 

rd^foth^’r"; ratable of supporting cither combustion 

inverted a 

standing in water, equalising rhe water rose 

^:iSe the 
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™ r f - 'eft. but this 

on a small shelf inside the ffinhp” sulphur or camphor lying 
burning glass (Fig. S3). ^ ^ heated by a 

candle was^bumt ?n^t had b^en d ^ 

about the first century a.d.^ if not earlier. ^ 





I*IO* ^ ^ ^ f A Vr^n* 

■ va ''r , 

Tut ILtUSTkATlOSs t>ri»KT 7m I' " > 167^). 

RESMRATIOS' of a ^ ^•VPL*<>MKNr *4 ov 

A JR CONFJNKII OVFH ALSO 

LKCTJON Ot • Aik ' ov*^ Il 7 * ® COKTRACTJON OF 

- - ■..V..A'; iS'”" "'■■'*< ■“■'-■ 

(::) Mayow found tlm o;. . ■ , 

would not support combustion and"^,"'^ “'' 
a burning lamp lived onlv Irdf ^ m a vessel with 

he lamp. When a mouse'wis I , ■ “ “ «hd without 
hy a bladder (Fig 8,) Jhr ^ '" “ '’“^el of air c osed 

-■'■Ptibleby the bufging inwardr’ofT''™ °'' «'“>< per 

pressure outside. »icmbrane owing to^the 

(3) Gunpowder rammerl 

tinucd to burn under water. The -dr fiv'' ^Snhed con- 

fixed m nitre can therefore 


MAVOW’S EXPERIMENTS 




take the place of ordinary air in >uppnrtinfi com!>ustion, and 
since things burn more brilliantly in fu^ed nitre than in common 
air, the nitre must contain an abundant supi)ly of nitre air, 
which is the part of common air concerned m combustion 

(4) Muyow refers to an experiment ot cal. inin- metallic anti- 
mony on a marble slab by means ot a burmng-^la^s. Alihougii 



1 tUo /'^Iv nioro ihiin tho 

c:rx f-nd to .x. i.lcn,ical ;.ith that fotnuai hv 

the action of nitric acid on the done 

Neither Hooke nor Mayow f j, i,,,, olt 

by heating nitre ^trongb■'n^ “';' if', j Oiis hurst. 
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which resulted from the work of Boyle, Hooke and Mayow was 
overshadowed by the theory of phlogiston, 

'^eory of phlogiston. — John Joachim Becher, who was bom 
at bpeyer m 1635 and was for a time in England, where he died 
m 1682, published in 1669 a book called Physicte subierranea, in 
which he stated that the constituents of bodies are air, water 
and three earths, one of which is infiammable {terra pinguis'S • 
the second mercurial ; the third fusible, or vitreous. These 
^rrespond with the sulphur, mercury, and salt of the alchemists. 
On combustion, the ‘ fatty earth ’ bums away. 

c *703 Becher’s treatise was republished by George Ernst 
Stahl, professor at Halle, a good chemist and an exceUent 
teacher, who, in his lectures and text-book {Fundamenta 
Uiymiae, 1723), popularised Becher’s views in an improved form. 
He gave the name phlogiston (from the Greek, pA/ox = flame ; a 

Bcchcr, W hen bodies burn, or are calcined, phlogiston escapes 
M ith a rapid whirling motion ; when the original bodies are 
rh pWogiston must be replaced. Oil, wax, 

rich “re a” combustible bodies, are 

burns with a brilliant flame, hence phlogiston (d) escapes The 

white residue IS called calx of zinc. If i? is str^gly heated with 

to ph ogiston) zinc distils off. 4nce : calx of 

I ®’toilarly with other metals. If phosphorus 

evolved “"d toatter, and much heat and li|ht are 

e\oJved. Hence: phosphorus = acid + <^. If the acid i.s heated 

ducvff^'‘'““ ’ P'’'°8‘*ton is absorbed and phosphorus is repro- 

Stahl's theory had one advantage in that it united a ereat 

aSepted''’ dudne 'd ‘‘ universally 

accepted during the eighteenth century, althouirh Boerhafivi 

I'nemLnT""" - 73zf dtsTot 

During this period the increase in weight of metals on calcina- 
tion was usually ignored as of little importance or as belong-inc 
to physic rather than to chcmistr>^^dthough the to 
deemed later to overturn the whole theory of phlogiston 

bv an^experiment 

borne finely divided reduced im,, -u t .i. cApcruneiu. 

magnet, counterpoised from one -trin uf V 

fFifr n rxtxsrxl L sensitive balance 

ig. 85), a piece of asbestos pa,>tr being placed in the pan 
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underneath the magnet. If begins to 

the tufts of iron adhering to The pan on 

glow, and after calcination falls from the magnet. 



.N W..OH. o. HNeIv UC OK »U„K.NO .K A,B. 

the side of ‘he balance «^ere the^magn« ‘^^*V^P'";J,‘;.‘?nalion. 

is found to be black in colour, uhereas the 
original iron '"/^ 7 flre and air .-Carl Wilhelm Scheelc 

Seheele ’s eipemnente on toe A poor 

(1742-1786) was a b*^"^^belieNC number of chemical 

apothecary of Sweden, those on combustion being 

discoveries of the very ‘ These experiments 

published in h>s treatise of ,7-0, and all prior to 

were made chiefly before th ,,ntil 1777 when many of 

1773. but the book ‘* 1 ^ ^*PP^,ade independently, and pub- 
Schcele’s discoveries hud Srheele’s priority was only 

lished, by Priestley in k orininal laboratory notes, 
established in 1892, f™"" -^' .s Schcele noticed the contraction 
In his first set of in contact with various 

of a confined volume of f„,„,ion of liver of sulphur 

materials. He used, f®;, hur in lime-water, linseed oil, 


4 
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;irc ric h m phlogiston, or. as he called it. the inflammable substance 
In all c'u.ses there was a /oss of air. 

I his contraction is easily shown by exposing moist liver of 
sulphur, moist iron hlmps. and a piece of phosphorus stuck on 
a wire, to air m three i-lass tubes divided into five parts and 



! 1 




"I- 


.ii, 

I he infianimaf)!c' vib-tai c f u .. f • ■ • . 

^■as. which dith.red lo.c, n . ; ' 

h-rnud bv ihc union m ^ !'/ " 

tr.Miion, it should be d. ns.- -k.,, i’hlopiMun, and con- 

thin llaKk which was 11. ' ‘‘‘very 


• • ' r. ,i n<l nu')st .irruratily 
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07 


weighed, not only did not «/! 

r^Minarv air hut was even somewhat lighter. ^ r 

iSsilif 

to such attraction. thf^v were atierwards 

Seheele called Foul Air and Fwe Aw the> uere 

named Aitrogen and oxygen, respectively. 



Pig. 87.— Absori’* 
TioN OF Part of the 
Air by Phosphorus.. 



„ oQ Combustion of HYnKooi-N in 

"" A,R- ScHEKLE-s Experiment. 

“;kOO^ ILAMF t. U.RNT T... iKVIK.... 


a « 


I'.... VV'aTK I» 


AVk.* 


seheele next placed a ^ A 

the latter, and warmed it “ ^ itself to the sides of 

white cloud was produced, ''^uh aUacn^ phosphorus.’ On 

the flask m white ® ^he latter rushed in, and occupied 

opening the flask the flask By allowing phosphorus 

^ i-'e sa- ^a.11, until it no longer 

glowed, agam some of the air was^o^^^^ ^ 

Scheclc then burnt a hy g to 

rhe","^nfil°u'filler:ne 4 oSrth of the flask, when the flame went 
out. 
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Scheele assumed that the inflammable substance (hydroffen*) 
had combined with the fire air. and since he was unablVto find 

on combination (he missed the dew deposited 

on the flask) he assumed that it was heat. He therefore tned to 
decompose heat and set free the fire air by several metTol 
heating nitre either alone or with sulphuric acid, heating mercur\' 
oxide, etc. In this way he made an immensrste^ Sd 
because he was able to obtain pure fire air, which he found 

ImLcT burned with great 

“i!® absorbed by moist liver of sulphur 

“rs?/ rs..r 

oflydrog/n etc Tn combustion 

mixture had aJl' the prooerHe “o^tT 

same residue after standfng oyer liver of ?ulphur^"®' ’ “ 

oxygfn (‘ fire air ’) a tnne h " ^cma.nmg fifth is filled with 
■loes^n comm™ al 'he mixture exactly as it 

nitrogen alone and h’urns^^wifh great' b'’rilh‘n‘'''‘‘‘""‘''‘‘h^^^ 

of tir.ah^“:r -«-Tvo.umes 

in a bottle of fire air over mill- ^fv ^ S placed 

some honey for their stav ’ ^ ‘ 

almost coinpletelv filled with days the bottle was 

He also noticed tliat the fi^e Lir iXmh'dlnK^ H were dead, 
air when this stands over \vaterwl frh‘T°^ 
candle burns more brichtiv in ?fi ■ boiled. A 

by boiling than in common air tbe water 

dephlogisticated air.-Whilst 

<n England was' also busy witir evn Priestley 

came into the possession of » f^or 1 

and by its aid tried to exti M t ‘ 

cxti.,t air from various chemicals 



DEPHLOGISTICATED AIR 


given to him by his friend Warltire. Among these was red 
precipitate, or mercurius calcinatus per se, obtained by heating 
mercury in air, the nature of which had long been a puzzle to 
chemists. The substances were heated by focusing the sun s 
rays on them in small phials 
filled with, and inverted over, 
mercury. 

* Having procured a lens ot 
twelve inches diameter, and 
twenty inches focal distance [the 
statue of Priestley at Leeds 
represents him performing this 
famous experiment (Fig. 89)], 1 
proceeded with great alacrity to 
examine, by the help of it, what 
kind of air a great variety o\ 
substances, natural and factitious 
[i.e., artificially prepared] would 

yield With this apparatus, 

after a variety of other experi- 
ments, ... on the I St August, 

1774> I endeavoured to extrad 
air from mercurius calcinatus 
per se ; and 1 presently found 
that, by means of this lens, air 
was expelled from it very readily. 

Having got about three or four 
times as much as the bulk ot 
my materials. I admitted water 
to it, and found that it « 

not imbibed by it. 
surprised me more than 
well express, was, that a 
burned in this air 'm ' utterly at a Io.ns how to 

remarkably vigorous flame. . ■ ■ 

account for it.’ c.-r.,! twice as long in the new 

Priestley found ^ "^^me of comn air, and revived 

air as in the same confined 'olumc himsell. and 

afterwards w'hcn taken , Hizhl and easy for some tune 

fancied bis ‘ breast felt S’ nse in me.licine (.t .s 

afterwards ’—hence he noisoning and pneumonia), 

now used in the treatment o pure air may 

‘ Who can tell,’ he says, but that, in 
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become a fashionable article in luvnrv , 

m.ce and myself have had the privilege of breath^ it° ^ 

assumed, from the teachings of Stahl that a candle 

JiS'sr; cs"r".i - “"n-i-h* 

phlogiston Ordinary -dr th f becomes saturated with 

phlogiston and hence^Vl cTurdT 

gas left when bodies burnt out fn o dina",^°®^“‘^ 
a similar reason, phlogisticated air : ^ named, for 

^ fSiygf:?^ rou, aw.) 

Laurent 

experiments on combustion in began his 

wlien calcined increase in wpitrh» ” j ^ound that metals 

and an equal weight of air is absorbed i" 
air, calcination proceeds only fo ^ ^ i- ^ Ri'^en volume of 

^as remains. Phosphorus bum unabsorbed 

in this diminished vo^mne a i?.t : 

powder formed weighs more than - ^ *'”^“'^bed, and the white 
He concluded Uvu /»,« z phosphorus. 

from the air. ‘ siances on burning take something 

andk-rd.'bVushSg"^^^^^^^ of calcining tin 

;n weight, which Sispn^ved <^bLge 

Shelburne, and told L'ivoisl"r!rd '"’'‘‘"''r^“"* Lord 

dephlogisticated air, saving be ‘ had^umr r '■'* '‘•^covery of 
re and also '•e-f /eaif’ ; wherc^.ou V “ Lorn y>re«>. yier 

^^urprise.’ _ '"ach as any, expressed great 

thL Vi^iei;;;:‘:i“^“ ^ seems that up to 

air which is concerned in- of ‘he 

^ and respiration, although, 
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H>1 


as we have seen, Schcele knew this some year> before. I.avoisier, 
however, was quick to see the important bearing; of Priestley s 
discovery on his own unfinished work ; lie was able to prove 
that it is dephlogisticated air which is absorbed in the i .dcination 



of metals, by a famous exp. rinu-m. ,k-s< nbei! m hi. * 

o.. of mereury ,n a 

with a measured v..lume of air in a >>^ ' '' 

volume of air in the bell and in t le rt ‘ of calx 

time he noticed the formation o ^ the scales no 

iS; “r."; '‘'r", •™." - 
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stopped. The air had contracted to 42 cu. in., and the gas left 
was ‘ mephitic air,’* which Lavoisier at first called atmospheric 
mofette. He afterwards named it azote, and Chaptal called it 
nicrogen in 1790. The scales, or mercury calx {mereurius 
calcinaius per se), were collected and found to weigh 45 grains. 
They were transferred to a small retort and heated ; 8 cu. in. of 
dephlogisticated air, which was ‘ an elastic fluid, much more 
capable of supporting respiration and combustion than ordinary 
air,* and hence called by Lavoisier vital air, or air emiaently 
respirable, were obtained, together with 41 J grains of mercury. 



Fig. 91. 

Lavoisier s Apparatus for heating Mercury in a confined 

VOLUME OF Air. 


hen this vital air was added to the atmospheric mofette, 
ordinary air was formed without any evolution of heat* or lieht 
hence air is probably simply a mixture of these two gases (ai 

had previously been suggested by Scheele). • 

I he apparatus used by Lavoisier in this experiment is shown 

m big. gi which IS reproduced from Lavoisier’s Traite de 

all ib;,-_ illustrations in that book being drawn bv 
.Madarnc Lavoisier. ® 

I .ayisi.T made experiments on the combustion of substances 

sLtern. m. ^inmned up his conclusions in the four 

(0 Sub^i..nces fnirn only in pun; air ox\gen). 


• Mephxti^, a noxious c xi.olauri;, 
nirphitio air’ was ustu Ivth lor 
P- 37 - 2 P 


^ vrmi. A-.i'.exd. 
niL*-oguii and 


vii, S.j ; the name 
curbou dio.xidc (see 
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(2) Non-metals, such as sulphur, 
produce acids on combustion ; hence the gas was called oxygen 

/ > • J\ 

rVi^Metals produce bases on absorption of oxygen. 

°’‘The"se statements comprise the fundamental tenets of the 

was one great difficulty still ^9 . inflammable air, and a salt 
or zinc dissolves in an acid S ... ‘ strong heating, 
is left on evaporating the metal. The same 

parts with its acid and leaves t , j the acid, but no 

salt is formed when ‘^e calx is ^^^^ 1 ^^ 

Idfrre to experiment This an easy qaestionjo^the 

fhe^mrtrir'Mx + pMogiston) ; ’and the salt is (calx + acid). 
In the first experiment you have, ck.irh . 

(calx -i ./.) -1- acid = (c^+j^d) + 

inflammable air 


metal 


salt 


in the second : 


calx -t acid = (calx + acid),’ 


salt 


This difficulty was serious : , j j . the researches of 

explanation. The key was inflammable air and 

Cavendish on the formation prench Revolution 

dephlogisticated air. In ‘he m^ean h 

had broken out. On the t9th Horcal Coffinhal, 

,,94) Lavoisier was the charge of having |n.t 

Vice-President of the Tri u , entered on his behall, 

water into the soldiers’ 'vas vain. ' The 

on the ground of science : justice must take Us 

Republic has no need of men fell and France 

course/ was Coffinhal s V -pnee ^ The science of chemistry 
lost her most illustrious man 
as we know it really began with Lavoisier. 
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Summary of Early Work on Combustion and on the 

Composition of the Atmosphere. 

1660. Boyle found by experiment that only part of the air is 
absorbed in combustion and respiration. 

1665. Robert Hooke suggested that the part of the air absorbed 
m combustion and respiration is also contained in saltpetre 
(nitre) and called it nitre air. 

1674. John Mayow carried out many experiments on combustion 
and respiration and confirmed Hooke's suggestion so far as 
he was able, without isolating nitre air (which he called the 
nitro-aerial spirit) . 

1669-1702. Becher and Stahl put forward the theory of 
phlogiston, an imaginar)' constituent of combustible bodies 
which escapes from them when they burn. 

1727. Hales described in his Vegetable Staticks the production 
of various gases but did not distinguish them from common 
air. 

1766. Cavendish ■ described the preparation and properties of 
two ga.ses. hydrogen (inflammable air) and carbon dioxide 
(fixed air). 

1774. Priestley, after investigating other gases and showing how 
soluble gases could be collected over mercury, made the 
<Iiscovery of oxygen, which was Hooke's nitre air. Priestley 
called it dephlogisticated air. 

1770-73. Schecle indepciulently discoverctl oxygen, which he 
* ailed fire air and showed that it is mixed in the atmosphere 
with another gas wliich he called foul air. Only fire air is 
absorbed in combustii^n and respiration. 

1774-5. Lavoisier n'cognisetl that fire air (or dephlogisticated 
air) is an element, xslneh he: callerl oxygen. He proved by 
' xpcriments that toinl->u’=rion is not the escape of phlogiston 
from a both’ but the absorption of o.xvgen. The other 
' •nistituent of the air he called azote, but it w’as aftenvards 
vailed nitrogen by t haptal. 



Fig. 9^.-Hhnry Cavendish. 

,rcnth “y“ Th^ Tn r^SV.:nrLxt ; pt"’,. 

> lOS 


CHAPTER VI 

the composition of water 

The work of Cavendish.-We have jen how f 

dements’ of antiquity, viz. stioun 
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to be a compound, not a mixture, of two gases, oxygen and 
hydrogen. 

Priestley in 1781 observed that when a mixture of depklogisti- 
caled air (oxygen) and inflammable air (hydrogen) is ignited, 
it explodes violently. Warltire noticed that the sides of the 

bottle, after the explosion, are 
bedewed with moisture. 

By firing the gases in a closed 
copper globe with the electric 
spark, Priestley thought he found 
that there was a slight loss of 
weight, which he put down to the 
escape of heat. 

Cavendish in 1781 ignited a 
mixture of common air and in- 
flammable air in a glass globe by 
means of the spark. He found 
that, with 423 vols. of inflammable 
air to 1000 vols. of common air, 

‘ almost all the inflammable air and 
about one-fifth part of the common 
air, lose their elasticity, and are 
condensed into the dew which lines 
the glass.’ There was no change 
in weight after explosion. He 
found the ratio of the combining 
\olumes of hydrogen and oxygen 
to he 202 : 100. 

To examine the nature of the 
dew. Cavendish performed an ex- 
I r.. iM — Cav2£.m)ish’- i'lKiN'. perimcni similar to the followinff 
. ..o-E (■ Eumo.ME . . A Hydrogen is burnt under 

, ‘''‘•-'d "-ith coid water. 

1 / 0/ MoistuFc ut oiicc condenses on the 


of the flask, and the drops 
be received m a l)e..kej r'laccd umier the flask. The liquid 
e... ■ •-.(.] fUMly recognised a., water 

< \vendish now piepured a mixture of dcphlogisticated air 
.md int.an.nuible air m a l>eU-jar over water. The end of a 
MtdK.n tube attacluyi to the previously exhausted glass firing- 
giolK nr ruihouicUT f I- c, p. was covered with a hit of wax and 

l^norked off. and on open- 
ng iht. sioptov k the globe wa> filled with the mixture. The cock 
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was closed, and the mixture fired by a spark. The gas lost 
its elasticity; and on opening the stopcock the globe was agam 


' 9 Ax > u/fd di 

CPTyyfTt ^ idd / y ^ dix / ^ 

\ dg ^^ V 7 ^ di ^ \dy '?dUcd 

do <v^/ yLOydfic / d ^ e ^ 

dd^d au y d ^ d^d do 

}^ dOyUjyt^ ^^^^Ad>^ d/ad/y '?y^ d ^ 

*d €'^^axy$^^fU^ ^ d^dd' V'dd I 

7?^5J5n ddt^ do 4fdyi^^ 

d > , dOrt ^. cdy ^/ id >^ 4 ^ dx ^ 04 ^ 

^xd^yXd^^dni^ df^d 

^ A'^ d^dy^ yOxX ^ OdOy^ydd^J^dOx^df^ 

• ^ od^ yat y/ /iXd^^d:^ , /n d4^ 



5£l-'’ • - ^ 


j "XOy^ </ d(f Ad0yiyfd d> dOnd di^^cd^iXd^^ 

j :Zd^etdX •y^Xd^x^d<^cdd^ as^t ^ XC^-^ o' Ie/i£^ 

I ^y*^ , (if ^eni 


1? 


Fio. 04- 

MQ CP Cavendish’s Memoir, in the Archines 
Part of the MS. Socetv. 

fiqutltate^'bfthet^^o^o^^^^ 


io8 


EVERYDAY CHEMISTRY 


of his memoir until 1784. His conclusions were curious: they 
are given in Fig. 94, in Ca%'endish’s own handwriting. 

Cavendish therefore thought that water pre-existed in the 
two gases, and its fortnation on explosion was simply due to a 
transfer of phlogiston ; 

inflammable air = water + 
dephlogisticated air = water - «#>, 

hence the union of the two gases may be represented as : 

(water + ^) + (water - ^>) = 2 water. 

Cavendish was too firmly attached to the phlogiston theory to 
accept the correct explanation, although he mentions the latter 
as an alternative in his memoir. 

Lavoisier’s explanation of Cavendish’s experiments. — Lavoisier 
had been considerably puzzled by the product of the combustion 



Fig. 05. 

Tiir : ' i ' ITU'S '.t nv tassisg ti oyer rfd«Hut Iron. The Oxvozs op the 

I isKiN Rv Mfi Iron fORM Oxioa ot Iito.s ani> the Hydrogen ts set 
FH l i. .\.s*H M hi • . * I >.i TLI'. 


of hv<lrogen in ow^en. which he thought, on the basis of his 
tlu’iiry ([). mvi't be an arid. In 17S.3 he resolved to make 

:*'e t \prrinK-nt of burning hydrogen in oxygen on a larger scale, 
b.;i: th,- product, whatever it was, should not escape his notice. 
Muy .,r lune of ii'.at ; «‘ar. however, Sir Charles Rlagden, who 
wa-' iorioirly ( avcivli-h s, assistant, visited Lavoisier, and told 
him ( avendish c.xperiinents'. Lavoisier at once saw the 
imp<,»riancc ol the r' .'ult, and on june 24th, 178^, he repeated 
the experimems in the • -rt ■^ence of Rlagden. In 1 7S4 he published 
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lOO 


the work and gave a clear statement of the composition of 
Tn 7,88 Ssier said: ‘Water is nothing but oxygenated 

which disengage during the combustion. 



T- . ‘ MnNGfc S FXI-EKIMENT ON THK ( OMBlNATION or 

Fig. 90.— Monge s Oxygen Gases. 

The mixeo oas was thes exiloo 

l»kOCKsS Hkl'EATtl^ 

• • A Mi-imnicr decomposed water by passing 

i..';.* ;r -.nS. 

3Sis:sSi=iJ*;=5 

experiment may be carried ou loosely packed with iron 

A piece of weldless iron p p ‘ ^ /p|„ and con- 

turnings, placed in a j an empty Hask and 

nected with a flask iron tube is heated to red- 

gas delivery tube at the other. ^ I he iron 

P.E.C. 
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ness and the water in the flask boiled. Water collects in the 
empty flask, showing that the decomposition is not complete, 
but bubbles of gas are evolv'ed from the delivery tube which may 
be collected in the jar and shown to be hydrogen. 

The decomposition of steam is more easily shown by inserting 
a piece of burning magnesium ribbon into a large conical flask 
in which a little water is boiling vigorously. The metal burns 
brightly in the steam, and the hydrogen produced burns at the 
mouth of the flask with a pale flame ; white magnesium oxide 
is left after the combustion. 

The French man of science, Monge, in 1783 exploded hydrogen 
and oxygen, drawn from two jars, in a previously evacuated glass 
globe, with firing wires (Fig, 96). No fewer than 372 successive 
explosions were made, producing four ounces of water, and the 
hydrogen and oxygen combined in the ratio of i’95 : i by 
volume. The result is less accurate than that of Cavendish. 

Lavoisier was now able to explain the difficulty mentioned on 
p. 103. A metal such as zinc, dissolving in dilute acid, takes 
oxygen from water to form oxide of zinc, which dissolves in the 
acid to form a salt, and the hydrogen of the water is set free : 

zinc »- (hydrogen + o.xygen) = zinc oxide + hydrogen 
zinc oxide -r sulphuric acid = sulphate of zinc 


Lavoisier regarded the acid as an oxide ; at present it is regarded 

as (o.xide t water), so that tiie hydrogen really comes from the 

arid. 

krotn 1785 the theory of phlogiston gradually disappeared. 
At the beginning ot the nineteenth century practically every 
rlv. mist except i’.ie.stley (whose work has done so much to over- 
tiMTi It) had abandoned the thcorv. 

The electrolysis of water. - In iSoo Nicholson and Carlisle, 
wh.-n expcrinu-niing with ti'.e newly-inwnted electric battery of 
\‘'lta, dis( d that it gold wires connected with the 
■ and poles oi the battery are dipped into water, 

•uoblrs ,;t n and hydrog.-n. respectively, rise from these 

' '■ ‘'o[;pi r tir iron wires are u>e(.l, onlv hvdrogcn comes 

• tly ovygeii IS ab-n.p. d |,y tlu- wire, prodiu itig an oxide. 

' I 'l^t'ana alM-) collected the gases separatelv. and found that 
' V Mas o! hydrogen and t volume of oxvgon were liberated. 
..us agre.'s v.utn ( av.ndidi'.^ r. >ult of the svnihcsis of water. 
i)a\y in i.soo sh.uvrd that li verv puu water is elecirolvsed in a 
goM \e.>s( 1. and in.- v:<]K r:m-m . arricfi out in a vacuous recciver, 
•x. that no iminiruu s can cater Irorn the air, or be dissolved from 
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lit 


Oxygen 


class or other substances of ordinary vessels, then nothing but 
hydrogen and oxygen are produced. Thus water is decomposed 

by the electric current into hydrogen and oxygen * • 

in the ratio of 2 to 1 by volume. 

An apparatus for the decomposition of 
water by the current, or the electtolysis of 
water, is shown in Fig. 97. It is plied 
a voltameter or coulometer, and consists 01 
two graduated glass tubes, with stop- 
cocks above, connected by a horizontal 
tube, carrying a funnel for filling the 
apparatus with dilute sulphuric acid. 

The electrodes for leading the current 
into and out of the liquid consist of 

pieces of platinum foil. 

Bubbles of gas rise from each elec- 
trode ; that coming 
from the positive 
wire, although it 
appears more abun- 
dant because it is 
liberated in smaller 
bubbles, will be 
found to occupy 
half the volume of 
the other gas, and, 

if allowed to escape r . 

from the tap on to a glowing chip of wood, 
will rekindle the latter. This gas is oxygen. 
The other gas, evolved from the negative 
wire, when ignited by a taper, Imrns with a 

Fig Q8-BUNSPN-S blue fiamc, and is hydrogen. Thus, water 
EumoMEiK» "offex- is decomposed l,y electrolysis .nto 3 volumes 
PLODiNC A Mixture of hydrogen -f i volume of ox) gen. 
or Gases confined g^thesis of water in the eudiometer.— 
OVER Mercury. ^ jfunsen’s eudiometer (Fig. 9«). consisting 

of a strone Rraduated glass tube, sealed at one end and providetl 
and inverted over that liquid in a trough. Pure h>drogen 
decomposed. 




■Mercury 


Fig. 97 — Decompo- 
sition OF Water into 
Hydrogen andOxygkn 

BY EI-ECTBOI.YSIS. 
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then passed in and the volume accurately read off, the correc- 
tions for temperature and pressure being applied (p. 119). 
Suppose the corrected volume is 28*4 c.c. A volume of pure 
oxygen, less than half that of the hydrogen, is now added. 

Suppose the total corrected volume is now 
39*2 c.c. The volume of oxygen is, therefore, 
39*2 - 28*4 = 10-8 c.c. 

The open end of the eudiometer is now 
held down firmly on a pad of rubber 
beneath the mercury, and an electric spark 
from a coil is passed. There is a flash 
of light in the tube and a dull noise is heard. 
Drops of water appear on the walls of the 
tube after cooling. 

The eudiometer is, after cooling, lifted 
from the rubber pad, and the remaining 
volume of hydrogen read off and corrected 
for temperature and pressure. It should 
be found to be 6-8 c.c. Thus, 28*4 -6*8 
= 2 1*6 c.c. of hydrogen have combined with 
10-8 c.c. of oxygen, or the two gases have 
combined in the ratio of 2 volumes of 
hydrogen to i volume of oxygen. That the 
rc.sidual gas is hydrogen may be confirmed 
by testing it with a taper. This result con- 
firms that found by electrolysis. 

W e have still to find (he volu 7 ne of steam 
produced from the combination of the 
gases, if it were kept gaseous. It is then 
most c^)nvenient to measure the volumes 
C)t all the gases at some constant tempera- 
ture, higher than the condensing point of 
steam. 

a U-.shapc-d eudiometer, the graduated limb of 
.xrr.x.mdcd by a glass jacket tlirough which the vapour 
f’oinr;. amy] alcohol is passed, the water produced 

l'-- tne explosion is kept in the form of vapour (Fig. 99). 

v\v-nfv c.c. ot hydrogen and 10 c.c. of oxvgen are introduced, 
nie.asured at the temperature of the jacket, with the mercury 
ic\ds aujus^d to equality on both sides by lowering the mercury 
i p. rvoir. The open end of the U-tube is firinlv closed bv the 
ihnmh, and .i spark- passed front the coil. There is a flash of 
light, and an immediate contraction. Bv running mercury into 
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the open limb until the levels are “gam equal it « .11 ^ seen 
that the residual steam occupies 20 c.c. The 3° c.c. of gas c 
tained, as we know, 20 c.c. of hydrogen and .0 c.c. of oxyge , 

licncc • 

2 Tols. Of hydrogen + 1 vol. of oxygen - 2 vols. of steam_ 

The composition of water by weight.-Smce it ‘^ difficult to 

tube and weighed. From these results we find . 

WeTgM of watef-3gh7o?oxy'g'en'= weight of hydrogen = /. ; 

ratio of combining weights = o/A. 

by'^B^rXTlnVDtlTng.^-d^threxp^.^^ 


Cafclum chhride 


Copper oxide 


Caieittftt 

ch/oride 
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FIG. lOO.-CoMPOS.TION OP WaTKR 
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with an improved apparatus by Lrefully 

•srl.K S. "• 
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lead nitrate removed sulphuretted hydrogen, the silver sulphate 

pentoxide removed water vapour. 

The copper 

Thfafr The'at wa?d s^^^^ced from the apparatus by hydrogen 
‘andThe Srheated by"a large spjnt >a-P ^ ^ 

or phosphorus pentoxide. The la rp«;idual hvdro^en 

tube was constant. ^ ^ stream ol 

The copper was allowed to cool in me o 

W Sn tt..- Ina .».«■ 

■“Tsss'S.™ wS,; .... „..i. ^ 


Oxygen 
Hydrogen - 


Percentage by 
weight. 

88-864 

1113b 


Combining ratio 
by weight. 
7.98 


100-000 


1 00 


8-98 


centui; " Dum“ hTms^^ ^r.' hrdTrte?ourtwoso^^‘'- 

“’(oTh" ^elced^'ropper retained hydrogen when cooled n, 

that gas. , , „ i--„ of weieht of the bulb. 

Both errors tended ^ ^-ould be too small, 

so that the proportion of oxygen ^ j of oxygen to i ol 
Dumas thought the ratio hou d be ex^c 
hydrogen ; we now know that u is vc ^ ; 

to I of hydrogen. , mmoosition of water by 

The most exact experiments o . ^ Morlev, carried 

weight are those of the American chemist, b. - i 
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out from 1880 to 1895. Purified oxygen and hydrogen gases 
were weighed in large glass globes ; in the later exper^ents 
the hydrogen was weighed in a bulb containing palladium, a 

metal of the platinum group which has 
the unique property of absorbing large 
volumes of hydrogen, but not other gases. 
When the palladium charged with hydro- 
gen is strongly heated pure hydrogen is 
evolved. The gases were burnt at plat- 
inum jets in a previously evacuated sealed 
glass vessel (Fig. 102), immersed in cold 
water. The water was then frozen, and 
the residual gas pumped out through a 
tube containing phosphorus pentoxide (to 
keep back water vapour), and analysed. 

As a final result, the mean of twelve 
experiments in which 400 gm. of water 
were produced, Morley obtained the ratio : 

Oxygen : hydrogen : : 7*9396 : 1 



The weight of hydrogen combining with 
8 parts by weight of oxygen is therefore 
1*00762, and this is the atomic weight o£ 
hydrogen (p. 138), since two atoms of hydro- 
gen combine with one of oxygen, of weight 
i(). The accepted value of this is now 
taken as i-ooSo, which agrees better with 
the results of another American experi- 
menter. W. A. Noyes (1907). He weighed 
palUidiun* ch.irgcrl ;\}ih hydrogen in a vacuous tube, heated the 
tube, am admitted pure oxygen to burn the hydrogen. The 
w.iier formed was condensed in a cooled e.xtension of the tube. 

I'lic increase in vv« iglit of the tube gave the weight of oxygen 
admitted. Th<, residual gas was pumped out and analysed, and 
The water vred by evaporation to another tube and 

weighed. The best results gave H= 1*00787. 


Fig. 102. — Mor- 
Lnv s Combustion 
Tchk. 
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CHAPTER VII 


THE PHYSICAL PROPERTIES OF GASES 

-dcMhe normal pressure 
of the atmosphere, an additional pressure must be applied to it. 



Fio. 103— Boyle’s Law Curve. 

h e d ANO e ARB ALL EQyAL TO lOO SQUARB UNITS, 9INC1 
TtIB ABBAS a, b, C. 

The volume °f “an/u dep^endslr some"exlent on the 

roSTm’^istu^n the gas^^.n accma.e experiments uts 
therefore necessary y L,„.up- *hc cas is dry or not. 

“’In^lrmctiitran irseius" volumes, ^o -t^r^ -ha.^ 

“trct\a?Sit'”o"^te\« -iuld occupy if it were 
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(a) dry ; (d) at a temperature of o® C., and (c) under a pressure 
of 760 mm. of mercury. The conditions o® C. and 760 min. 
pressure are called standard (or normal) temperature and pressure 
generally written as s.t.p. (or n.t.p.). The pressure 760 mm. is 
chosen because it is about the average barometric pressure. 

To perform this calculation we must first know how the volume 
of a gas varies with the pressure when the temperature is constant. 
This was found experimentally by Boyle in 1662 and the result 
is called Boyle’s law : 

The volume of a given maM of gas at constant temperature is inversely 
proportional to the pressure. 

The graph in Fig. 103 also shows that Boyle’s law may be 
stated in the form that, at constant temperature : 


pressure x volume = constant ; 

Pl^l “P2^3- 

Expansion of gases by heat. — We next require the effect of 
change of temperature on the volume of a gas at constant 
pressure. This is given by a law stated ]>v Gay-Lussac and by 
Dalton in 1801 but often called Charles's law. It states that: 
if the pressure is constant, a volume of a given mass of gas expands by 
7 n volume at o*C. for each 1 ® C. rise in temperature. 

Let Fq be the volume at o® C. The expansion due to a rise 

in temperature of t^ C. will be ^ ^ ® and the volume at C. 

" 37,1 273/ ® 273 

When t-~ 273 the v<ilume is zero, so that if a gas continued 
It) contract at the .^ame rate on cooling to - 273®C. it would 



< « k%F \nLl klf:s Of A OAS AT VARIOUS TT. MPERATURKS, 

HI S I XTHAl’OL.sTkU TO -173* C. THE VOLCME BECOMES ZERO. 


occupy 110 volume at that temperature, which is called the 
absolute zero (Fig. 104). Actually the ga.s would become liquefied 
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C. the 


equation above shows that 

F, K „(273 + /a) ,273^. + = & 

7;“ V„(2n + li) 7 i + "73 

that is to say, the volume of a giveu mass of gas at cousUut pressure is 
proportional to the absolute temperature. 

Examples of calculations of gaseous volumes : 

r a./ V A Vfiliime of eas occupies 224 c.c. unaer .1 
prf ^ure^of 755 mm. What will be its volume under a pressure 

of 760 mm. ’if the temperature remams ' . 

We use Boyle’s law : pressure x volume - constant , 

755x224 = 76®’^*'’ 

=s 224 X = 222‘5 C.C 


or 


760 


Fi = 45oc.c.; 

or :v = 45 ®’‘ 289""'^^^ * 


win beX^dumTlTt ;°^nL°presL"re" emains constant ? 

We use Charles s law 

7 'j = 273 + 16 = 289 ; 

r 2 = 273 + 0 = 273 ; 

. 450^5. 

f I, .r'C and vso mm. is 
Example 3 -A volume of ga^ '5 ^ 

4'5 litres. volume a . • ■ 

Suppose the pressure chang • « q The volume 

whilst the temperature remams constant at .5 t.. 

will become : 

4-5 >> 

Now let the pressure becomes : 

the temperature from 15 C. to o c. 

{. cxZ1^'\x^= 4*»96 Jin-es. 



120 


EVERYDAY CHEMISTRY 


Generally, let Fj, Pj, 7 \ and P^, be the corresponding 
volumes, pressures and absolute temperatures. Then : 

P^_P^V^ 

This formula will enable all problems of this type to be solved. 

Partial pressures. — In a mixture of two (or more) gases we 
may consider the total pressure exerted by the gas to be the 
sum of the partial pressores of each gas. The partial pressure 
is the pressure each gas would exert if it were separately con- 
fined in the whole volume occupied by the mixture. This result 
is called Dalton’s law of partial pressures, and it is established by 
e.xperiment. 

The partial pressures can be calculated by Boyle’s law when 
we know the composition of the mixture. For example, air 
contains one volume of oxygen and four volumes of nitrogen. 
Let us imagine that a certain volume of air is confined in a globe 
at a pressure of i atmosphere. Now suppose the oxygen could 
be removed (say by exposing phosphorus to the air in the globe), 
then the pressure will fall by the amount of the partial pressure 
of the^ oxygen. This is the pressure which the oxygen would 
exert if it alone were present in the globe and, by Boyle’s law, is 
one-fifth of an atmosphere. The pressure of the nitrogen is, by 
similar reasoning, four-fifths of an atmosphere. The sum of 
the partial pressures is : 

atm. for the oxygen + y atm. for the nitrogen 
• » I atm. for the mixture. 

Correction for moisture in a gas. — In accurate work a correc- 
tion must be applied to the volume of a gas measured over water 
in order to find the true volume which the gas would occupy if 
dr- 


water evuporatc.s into a dr)' gas at constant pressure, the 
gas /ill expand. 1 he volume of a given mass of gas is 
tlu-retore greater when it is moist than when it is dr>'. 

•juppose we have a volume of too c.c. of moist air, measured 
o\. r Water at 15°, and under a total pressure of 760 mm. This 
toi.d pressure is the sum o^ the pressure of the dry air and of the 
maximum pressure of water vapour at 15®, viz. 12-7 mm. The 
pre ssure ot the dry air is therefore 760 - 1 2-7 = 747-3 mm. If 
the water vapour were removed by a drying agent from the 
100 c.c. of moist air contained in a closed vessel, the pressure 
would theretore fall to 747-3 mm. If we now increased the 
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pressure of the dry air to 760 mm., the volume would become, 
by Boyle’s law, .00 x ^ c.c., and at 0° this would be 

747*3 c ^ 

If we had omitted to correct for moisture, the volume at 
s.T.p, would have been 

100 X 

The error i s c c.. would scarcely be appreciable in elementary 

woTk buTil'is Lrge’when the volumes are acpirately measured^ 

If a mass of «r./r/ gas occupies a volume F 
/ under a total pressure A the volume of dry gas at s.t.p. 

Kx^x-^”-. 

760 273 + / 

where / is the partiahiressi^".X't;ixim^^ 

If the gas IS saturated w th ^o'stur .y 
of water vapour at the temperature , g 

vapour pressures. ‘ hp iviness ’ of solids and 

li °rdf ^ meL^md" by ll 7 f, “'tb^woigl':^ 

me:Lm^th:tenshies.“"AnX method is .0 ^nu'cle the ^ 
of a certain volume of the solid or liquid^,) ‘ht ^ 

f^ua/ volume of zoater (taken as lieht, so that 

obtain the specific e«vity. Now 

the weight of i -han water that this would not 

they are so very much less - It is usual, thereiore. 

be a convenient standard of . r a^ftsitv and specific 

;°avity^re^r^^^^ 

in^glals^rX: mc!;umrt'’a’^ temperature of o», and under 
a pressure of 760 mm. of railed vapour density) of a 

gi^tprisr^Tany v.lum^^^ 
L7presLTe.%1drog:n if taigas the standard because it is 
the lightest gas known. 
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Determination of gaa densities. — The density of a gas is 
determined by weighing an evacuated globe, hlling it with the 
gas, and reweighing. The volume of the globe is determined 
by filling it with water and reweighing. 

If the globe is weighed first vacuous, then full of the gas, and 
finally filled with hydrogen under the same conditions, the 
relative density is given by : 

weight of gas filling globe 
weight of hydrogen filling globe. 


One litre of hydrogen at S.T.P. weighs 0*09 gram. 

In an experiment the weight of the vacuous globe was 
148*56 gm. and its volume was 980 c.c. When filled with 
carbon dioxide at 15® and 758 mm. pressure the globe weighed 
*50*38 gm. The weight of the carbon dioxide was, therefore, 
1*82 gm. Its volume at s.t.p. is 

hence the weight of i litre at s.t.p. is 


1*82 X 1000 
926*5 


= 1*96, 


which is the normal density of carbon dioxide. 
The weight of i litre of hydrogen at s.t.p. 


= 0*09 gm. ; 


.*. the relative density of carbon dioxide is —- = 22. 

O-OQ 

* Determination of vapour densities. — Two methods of deter- 
mining the relative density of the vapour of a volatile liquid are 

comtr.ftnlv used. 

# 

In Victor Meyer’s method a long glass tube with a bulb 
(I' !g. 105) and a .side tube is heated in a vapour bath at a tempera- 
iiiro which must be constant and higher than the boiling point 
of ihc subsiaiu'e, but need not otherwise be known. The side 
tuijc -ielivcrs into a grada.'ted tube in a trough of water. The 
iul.)e is heated in the b.iili until no more bubbles of air 
; then the side tube is placed under the graduated tube, 
il. ' cork at the lop of the lonu tulje is taken out, and a weighed 
quantity of the licjuid in a small stoppered bulb dropped into the 
heated bulb, the cork bcin- quickly replaced. A little mercury 
IS placed in the bottom of the bulb to prevent fracture on drop- 
ping in the bulb of liquid. 
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- * - •« - 1 1 1 *1 t tf'ri 


its own voluino of ^ 1 


does not diffuse to '^4. “P ; J Tri' dre''-graduated 

tube. When no more bubbles come 
off the volume of air is read off and 
corrected for pressure and tempera- 
ture. 

0-1008 gm. of chloroform 
expelled 20-0 c.c. of air at 15 
757 mm. pressure. 

/. volume of air at s.t.p. 

= 20x'‘-^x'’^l=i&-gc.c. 

288 760 

Weight of an equal volume ot hydro- 
gen =* 18-9 X 0-00009 gm. = 0-001701 

gm. ; 

vapour density of chloroform 
= o-ioo8/o-ooi70i =59-3. 

In Dumas’ method a glass bulb (I'ig- 
106) with a long neck is dried and 
weighed. By warming the bulb, dip- 
ping the neck in the liquid, and cooling, 
sufficient liquid is introduced into the 
bulb to expel all the air when it is 

volatilised. . 

The bulb is then supported m an 

iron pot containing water, 
paraffin wax, heated above the boding 
point of the liquid. Volatilisa t o 
rapidly occurs, the air being expelled 
trough the tip of the bulb, whicl 
projects above the surface of the liquid 
fn the bath. When the rush of vapou 

ceases, the neck of the ^ 

off, and the temperature of the bat 
read off on the thermometer. The 
Victor Meyer’s Vapour , . removed from the bath, cookd, 

Density Apparatus. reweighed along with the 

piece of neck sealed off. T latter*^ rushes into the 

and the tip broken off under water. 




124 


EVERYDAY CHEMISTRY 


bulb and fills it completely. The bulb full of water is weighed, 
together with the two small pieces of the neck. The barometric 

pressures during the second 
weighing, and at the time 
of sealing, are noted. 

The following example 
shows the method of calcu- 
lation ; 

Vapour density of hexane. 

Weight of empty globe 
in air = 23*449 gm. 
Weight of globe +vapour 
at i 5 * 5 ° = 23 ’ 72 o gm- 
Temperature of sealing 
= 110°. 

Barometric pressure 
= 759 mm., 

unchanged throughout the 
experiment. 

Capacity of globe, by 
weighing water 
= 178 c.c. 



Fir,. 106. — Du.mas’ Vapour Density 

Apparatus. 

Weight of air displaced by globe 

' ^ ^ 288^5 760 293 = o- 2 18 gm. 

(0 001293 gm. is the weight of i c.c. of air at s.t.p.) 
Weight oi z>acuous globe = 23-449 - 0-218 = 23*231 gm. 

.’. Wright of vapour filling globe at 110® and 759 mm. 

= 23-720 “ 23-231 =0-489 gm. 

'.Veight of hydrogen filling globe at 1 10® and 759 mm. 

o 27^ 7^9 

1 X 0-00009 = c-ot 14 gm. 

.^83 760 ^ ^ ^ 

(0-00009 pn'., is the weight of 1 c.c. of hydrogen at s.t.p.) ; 

.. \’;ipoiir density of hexane = o-489/o’Oi 14 = 42-9. 

riu \-.ipour densities are shown later to be of great importance 
in die d'-fenr.inaiion oi molet idar weights and atomic weights. 



CHAPTER Vni 


THE LAWS Ol- CHEMICA!. COMHINATION 

The law of constant proportions.— As a result of a large 

number of experiments on the analy>.s Oil 

those occurring in .N’ature as mineral and thoM [ 1 ‘ 



i Ki, 107-- Joshi-H Louis Lkoust. 

laboratory, the Erench j-|^i'|o!,!.^ng'gcnL-ralisi^ whicli 

Madrid, was led m 1799 »» lolloxstng g 

is called the law of constant proportion . 

When combination between elements Ukes pUce. 
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definite proportions by weight, so that the composition of a pure chemical 
compound is always the same. 

This means, for example, that red mercury oxide always 
has the same composition, loo parts of mercury to 8 parts of 
oxygen, by weight ; water is always composed of i part of 
hydrogen and 8 parts of oxygen, by weight, and so on. The 
substances are, of course, supposed to be pure. 

The French chemist, Claude Louis Berthollet (1748-1822), 
who accompanied Napoleon on his expedition to Egypt, believed 
that the composition of a chemical compound could vary, partly 
owing to variation in the method by which it was prepared. 
Most of the examples which Berthollet brought forward were 
shown by Proust to be mixtures in varying proportions of two 
or more compounds, each of definite composition. 

The existence of isotopes (p. 239) complicates the law of 
definite proportions somewhat, since in one case, viz. lead, it 
has been found that the compounds may differ appreciably in 
composition. There are different varieties (isotopes) of the 
element lead. The same holds for some other elements, e.g. 
chlorine, but in most cases the mixture of isotopes which was 
formerly regarded as a simple element always occurs in Nature 
in the same proportions. Since the isotopes of an element have 
the same chemical properties, it follows that the compounds 
formed from the isotopic mixture will always have the same 
composition. 

Isomerism and allotropy. — The law of constant proportions 
asserts that a definite compound has a fixed chemical composi- 
tion. The converse is not always true ; the same elements, 
combined in the same proportions by weight, may form two or 
more different substances, with characteristic physical and 
chemical properties. This property is known as isomerism, and 
the different substances of the same composition are called 
isomers. Chemical composition alone does not unicjucly 
\tormine a pure substance; even elements may exist in 

' itropic mollifications (p. 56). 

^he law of multiple proportioas.^As a result of theoretical 
•■.ccnl.itions. John Dalton, in 1803, was led to assume that: 

• t.vo elements combine to form more than one compound, the weights of 
r-xe element which unite with identical weights of the other are in simple 
muliiplo proportion. 

Although Proust was acquainted with different oxides of each 
ot the metals, tin, copper, and iron, his analyses were not suffi- 
ciently accurate to disvlose any simple relation between the 
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weights of oxygen combined with identical weights of metal or 

''%Z 7 e\re two oxides of copper, one a black and the other a 

red solid. These may be analysed 

of each oxide to the metal by heating m a current of 

when water is also formed, as described on p. ^ T*"" ‘^^Vis 

wpiffht of the solid eives the oxygen, and the residual copper is 
relhed at the sa^f time. It is' then found that the percentage 
compositions of the two oxides are as follows : 

Black oxide 


799 

20'1 


lied oxide 
88-8 
1 1*2 


Nitrous 

Nitric 

Nitrous 

oxide. 

oxide. 

anhydride. 

637 

467 

36-9 

36*3 

53-3 

63- 1 


Copper - 

Oxygen - - . • u 

Now, let the weights of copper be fo-"dwh'ch combine 
fixed weight of oxygen, say i.-a parts. We 

00*1:::^ 0“" /ht?in'the -igln of copper r^iich 

combines with a fixed weight of oxygen is exactly 

‘"The mo°sf striking example of the law o^-luple proportions 

is furnished by the five oxides of : 

positions by weight of these five compounds are as lolio 

dioxide, anhydride. 

Nitrogen - 63-7 4h-7 v 30-5 

Oxygen - 3^*3 53 3 5 

The weights of oxygen combined with .00 parts of n.uogcn m 
these compounds are found by propo . 

114 171 

If all these numbers are divided by the least, 57 - "'e obtain 
the series : ^ 5 

simple ratios I : 2 : 3 = 4 : 5 - j j j- that 23 gm. 

The law of hlogea to form sodium 

hydride; 35-5 g-' f .f^The^thurktr weights of s'odium 
to form hydrogen chloride, ih * . • ^^.jth hydrogen, are 

and chlorine, with respect sodium and chlorine 

therefore 23 and 3 S'S> respectively. Now soenu 
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also combine together to form sodium chloride, and it is found 
that 23 parts of sodium combine with 35*5 parts of chlorine to 
form s^iun chloride. 

Thus, the weights of sodium and chlorine which separately 
combine with i part by weight of hydrogen are the weights in 
which these two elements combine with each other. This fact 
may be illustrated by the annexed diagram, 

Hyd90%,en 

\ 

\ 

? 5*5 ^*3 

Chloriwe Soilium 

The generalisation of this result was stated by Richter in 
1792 and is called the law of eqmvalent proportions (sometimes the 
law of reciprocal proportions, or the law of combining weights) : 

The weights of two or more elements, A and B, which combine 
separately with a fixed weight of another element, C, are either the 
weights in which A and B combine with one another or are simple 
multiples of them. 

Equivalents. — If 23 gm. of sodium arc heated in hydrogen 
chloride gas, it is found that 1 gm. of hydrogen is displaced, 
whilst 35-5 gm. of chlorine combine with the 23 gm. of sodium 
to form sodium chloride. Thus, 23 parts of .sodium can combine 
with I part of hydrogen, and can also displace it from its com- 
bination with another element. 

The equivalent of an element is that weight of it which combines with, 
or displaces, 1 part by weight of hydrogen. 

Hydrogen is taken as the standard because it is found that no 
element has an equivalent les•^ than that of hydrogen. 

I lie conception ot an (-«juivaUni implies that, when once the 
rijuis aleni of a single eletnent has been determined with re.spect 
10 hydrogen, the equi\alent o! that element may he used instead 
ol hydrogen in the determination of other equivalent weights. 
I hus, bas ing found that the ecjuivalent of chlorine with respect 
to hydrogen .s 35’5, we i,.ay use 35*5 parts of ehhjrine instead of 
I part of hydrogen in I'linling the ccjuivalent of an element which 
•'ombines wit!.i chlorine bur docs not combine with hydrogen. 
In the case of sodium, which I'ombincs with both hydrogen and 
chlorine, the equivalei.is are found to be identical. In other 
cases, the element may rlisplace liydrogen but does not combine 
with it ; e.g., zinc, which evolves hydrogen from dilute acids. 
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does not form a hydride. It is again found that weigh, of 
such an element which combines with 35 5 parts of chlorine dis- 
nhces I part of hydrogen. In the case of elements which neither 
combine mth nor displace hydrogen, such as gold, the 
weight may be determined with respect to combmat on wuh 
chlorine, aL is thus fixed in an indirect manner. In the same 
wav since 8 parts of oxygen combine with i part of hydrogen, 
The’^^q^lenrof an element may be found by determining what 

weight of the element combines with 8 parts of oxygen. 

The idea of equivalence is of fundamental importance m 
chemistry and no progress can be made m quantitative analys 

“ are determined 

"fif ^h^wlyhtrf^h" Sent combining with or displacing 
r ^lltlf hyd^^gen is found, This is ‘‘PP'l^^le to mrtaU which 
dissolve in acids, or alkalies, with evolution of hydrogen, the 

™lTTfew‘'J^h^?memT displaced from a solution of one of 

its salts by the equivalent of another ^ 

is found Thus the equivalent of zinc is found by the irieasurt 

isv; sSIe'SS 

SSSs” as :S 

when tin or copper is treated with XompLed on 

heated to redness. If the oxygen comp i the weight 

heating, e.g., mercuric oxide, - P°““ mercury^r 

of oxygen liberated is found, and the equiNaieni 

of potassium chloride so determined. of chlorine, 

(I) Since .08 parts of silver combinewih35^5Pa«^ 

the weight of silver, in the form of s . ivi,icnt of 

cipitate the chloride of another me tal R‘™/prec?pi.ate 74 5 
the latter. For example, P • j,nnw from the analysis 
parts of potassium chloride. ^9'^’ nt iins *:2M pt'*" 
of potassium chloride that this 
potassium. Hence the equivalent of potassiui 

52-3 X 74-5-^100 = 39- 

Since elements sometimes combine in more than 
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proportion, it follows that an element may have more than one 
eouivalent. The law of multiple proportions then shows that 
the different equivalents of an element are r^ted in simple multiples. 
Thus, carbon forms two compounds with oxygen, containing, 
for 8 parts of oxygen, 3 and 3x2 parts of carbon, respectively. 

Eaiuvalent weights of compounds.— The idea of equivalence 
is just as applicable to compounds as it is to elements ; in fact, 
historically, the equivalents of compounds (acids and bases) 
were the first to be recognised. Cavendish in 1766 and 1788 
published memoirs in which he showed that the ratio of quan- 
tities of two acids which neutralised identical weights of one 
alkali, was the ratio of the quantities which also neutralised 
identical weights of another alkali, and he called these weights 
equivalents. In an unpublished research we find Cavendish 
weighing out equivalent weights of acids and salts, dissolving 
them in equal volumes of water, and finding the electrical 
conductivities of the solutions. 

A solution which contains the equivalent weight in grams of 
a substance dissolved in i litre is called a nor^ {N) solution. 
Similarly, a decinonnal (A^/io) solution contains one-tenth of 
the equivalent weight in grams per litre, and so on. 

We have seen above that 35*5 parts of chlorine combine with 
1 part of hydrogen, hence 36’5 will be the equivalent of hydro- 
chloric acid. A solution containing 36-5 grams of hydrochloric 
acid per litre will be a normal solution. If this is mixed with a 
solution of caustic soda in the correct proportions the latter 
will be neutralised, /.r., the acidic properties of the solution of 
hy<lrochloric acid anti the alkaline properties of the solution of 
caustic soda will di.sappo.ir, and wc shall obtain a solution of 
soiiiuni chloride or common salt. 

In order to find when the acidic or alkaline properties dis- 
appear we make use t'f indicators, which are dyes exhibiting 
dilTeroiu coloura in acidic, and alkaline solutions. Three com- 
m >n indicator.s. ami the culour.s wliich they exhibit in acid and 
dkaline solutions arc shown in the table below. 


indi altir. 

' » ’cur in acio solution. 1 

Colour in alkaline solution. 

1 

Litmus 

Metiiyl Orange 

1 Pheiiolplnhalcin - 

1 Red 

Pink 

Colo'jrlc«:s 

Blue 

Yellow 

Crimson 


(Litmus in exactly neutral solution is purple.) 
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Suppose, for example, the solution of caustic soda is taken 

and a little methyl orange solution added. The 
yellow. The normal hydrochloric acid is now run into the soda 

Llution from a graduated burette (Fig. io8) until 
just changes to pink. If we know the weight of caustic soda 
the solution we can now calculate how many grams tac should 
dissolve in i litre so that i c.c. of the 
solution would neutralise i c.c. of 
normal hydrochloric acid. This will 
be found to be 40 grams, and a 
solution of 40 grams of caustic soda per 

litre is a normal solution. 

By titrating (as the above operation is 
called) a solution of sulphuric acid with 
normal caustic soda solution, we can 
find the amount of sulphuric acid in 
1 litre of normal solution. This is 
40 grams. Thus, 36-5. 4© and 49 are 
the equivalents of hydrochloric acid, 
caustic soda, and sulphuric acid. We 
should find also that 49 g^ams of sul- 
phuric acid contain i grarn of hydrogen, 
and it is true for all acids that their 
normal solutions contain 1 gram ot 
acidic hydrogen per litre (see P- 208). 

It must be clearly understood that in 
using equivalent solutions we can save 
much time in calculation. For example, 
if we titrated 10 c.c. of a solution of 
nitric acid with normal caustic soda 
and found that it required 8*3 c.c. for 
neutralisation, wc should proceed as 

'“'irc.c. of .he given nitric acid solution = 8-3 c.c. of caustic 

cnHa r c. of nitric acid. 

Now N nitric acid contains 63 grams per litre ; 

I c.c. =0-063 grams nitric acid ; 

nitric acid"' We'LrtharVhe equivalent of cau.iic soda doo 
not enter the calculation at a . laboratory. — Wc inav 

” -f r™- - "" 

laboratory. There are four principal methods. 



Fig. 108. — Burettes 
and Apparatus for 
Titration. 
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Method I . — A metal which dissolves in dilute ^ acid (or 
alkali) with evolution of hydrogen. The metals, zinc, iron, 
calcium and magnesium dissolve in cold dilute hydrochloric 
acid with evolution of hydrogen. Aluminium dissolves in a 
mixture of equal volumes of concentrated hydrochloric acid 
and water or in warm dilute caustic soda solution. Tin dissolves 
in hot concentrated hydrochloric acid. 

The apparatus used is shown in Fig. 109. About i gram of 
metal is weighed out into the small tube A and lowered carefully 
into the acid or alkali in the flask care being taken that the 

metal does not come in 
contact with the liquid. 
The flask is firmly 
fixed to the rubber 
stopper C communi- 
cating by a bent 
tube passing through 
another rubber stopper 
C' with a large bottle 
D containing about a 
litre of water. The 
screw clip F on the 
rubber connection of 
the tube E is now 
opened and water 
allowed to run out so 
as to equalise the 
pressures. An empty 
graduated cylinder G 
is now placed under the end of the tube E. as shown, and the 
metal in A brought into the liquid in B by shaking. The 
metal is allowed to dissolve completely, heat being applied 
to the flask B if necessary. When the action is finished the 
whole is allowed to cool ; the delivery tube should reach nearly 
to the bottom of the cylinder G. so tliat only water is drawn 
l.Kuk into D on cooling. 'I'he water levels in D and G are 
t'ui'.iliscd, the clip /•' is firmly closed, and the cylinder G 
removed. The volume of water in G is read oflf : this is equal 
lu the volume ot gas evolved. The temperature of the water is 
found by a thermometer anil the barometric pressure read. 

1 1 is now possible to calculate the number of c.c. of hydrogen, 
measured at S. 7 '.F., evolved by 1 gram of metal. One c.c. of 
hydrogen at S.T.P. weighs 0-00009 hence we can easily 



I-'iG. 109 . — Apparatus for oeter.mininc 
THE Equivalent of Metal which dis- 
solves IN ACID (OR ALKALI) WITH EVOLUTION 
OF IlVDKOGEN. 


EQUIVALENTS 


133 


Xt w^ghfo" meXEat. 

I gram of dissolved m dilute sul- 

volume of hydrogen at s.t.p. will be 

I '68 

» — — 3 ^* 5 > 

:op^:r\;{m\^l:4fofXper t"- ofX 

i;lXc,XlrmVe^ 

tion of copper sulphate. „j the copper is filtered 

duced. When all the zinc has disappeared, ^th^ in a^steam oven. 

oflf on a weighed filter paper, washe , weight of copper 

The paper and copper are weighed "e ^>8^“ ^ ■, 

■’ss-jil =- —j 

case of magnesium, ^ ■„ ^ucible at first with the 

ribbon is heated in a weighed ’then with the hd 

lid loosely fitted until active comb . ■ .* j ’ q'he amount oi 

off. The crucible is cooled and reweighed ^ 

magnesium combining with the metal is treated 

. In the case of tin, a weighed rated nitric 

carefully in a weighed porcelain dis h^^^^ 

. acid until violent action ceases a a sand bath until 

evolved. The residue is ^ flame The weight of 

dry and then ignited over a Bunsen ^txin is 

oxide of tin formed is thus fo^^d and t*‘C 

the weight of metal ^ the copper nitrate being 

same method may be used with copper, the coj p 

strongly heated to decompose it to copper ox 
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Method 4. — If a compound of an element with chlorine is 
dissolved in water and the solution mixed with a solution of silver 
nitrate, double decomposition occurs and a precipitate of silver 
chloride is formed. If this is filtered, dried, and weighed, the 
amount of chlorine in the original compound can be calculated, 
since it is known that 108 gm. of silver combines with 35*5 gm. of 
chlorine to form silver chloride. Thus the weight of the element 
combined with 35*5 parts of chlorine can be calculated, and this 
will be the equivalent. 

It was found that i4’43 gm. of potassium chloride, when 
treated with silver nitrate, gave 27-73 of silver chloride. 
The weight of chlorine corresponding with this is 

27*73 7 — — r =6-86 gm., 

' (108 + 35-5) 

hence, the 14-43 gio. of potassium chloride contained 6-86 gm. 
of chlorine combined with 14-43 - 6*86 = 7-57 8*^- of potassium. 
The weight of potassium combined with 35-5 gm. of chlorine 
is therefore 

and this is the equivalent of potassium. 


CHAPTER IX 

THE ATOMIC THEORY 

♦Atoms— The laws of chemical combination were first explained 
on the basis of the atomic theory by John Dalton. The atomic 
theory is an assumption regarding the structure of matter wl. ch 
it suDposes to be composed of very small indivisible pariKlis. 
l alled’^atoiL from a Greek word meaning ' something which 

‘"‘‘The Ore'S!* philosophers were divided in their ojiinions as to 
the ultimate structure of matter; one school regarded t as 
filling space continuously, like a jelly, whilst the other scliool, 
hegi^ing with Leukippos and Demokritos, about 500 u r., 
coLidered that matter filled space discontinuously, like apples 
tn a barrel and that the smallest parts of matter were indivisilile 
‘a^L'^Alicrepldes of Prusa, about .00 B C mtroduced . e 
idea of small clusters of atoms, corresponding with what wc 

which 'S.stncuy p b whole!. On the contrary, there 

jsitsr;; .i.;. ““ 

calls the atoms * seeds, says . 

‘ But solid seeds exist, which fill their pHce i 
And make a diff’rence betwixt full and spate. 

135 
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These, as I prov’d before, no active flame, 

No subtle cold can pierce, and break their frame, 

Tho’ ev’ry compound yields : no powerful blow, 

No subtle wedge divide, or break in two. 

For nothing can be struck, no part destroy’d 
By pow’rful blows, or cleft without a void, 

And things that hold most void, when strokes do press, 

Or subtle wedges enter, yield with ease. 

If seeds then solid are, they must endure - 
Eternally, from force, from stroke secure.’ 

The theory was entirely qualitative, and although it was never 
lost sight of, it did not prove fruitful in chemistry imtil John 
Dalton (1766-1844) endowed the atoms of the chemical elements 
with fixed and different weights, representing their combining 
3)roportions. 

John Dalton was bom at Eaglesfield, a village near Cocker- 
mouth in Cumberland, the son of Quaker parents. In 1781 he 
joined his brother in teaching in a school at Kendal, where he 
met John Gough, who stimulated his interest in mathematics 
and science. In 1793 he wa.s appointed teacher of mathematics 
and natural pliilosophy in New College in Manchester, in which 
city lu* lived for the re.st of his life, supporting himself by private 
iuiii(*n when New College moved to York. His note-books, 
found in ilie archives of the Manchester Literary and Philo- 
sophical Society in 1895 hy Roscoe and Harden, show that 
Dalton was led, about 1803, to the atomic theory by specula- 
tions on mixtures of gases, under the influence of Newton, 
aiul afterwards extended it to explain the laws of chemical 
I nmbinaiion. 

Dalton’s Atomic Theory. — The chemical atomic theory asserts 
th:n : 

(i> The chemical elem.'nts arc composed of very minute par- 
ticles of matter callt d atoms, which remain undivided in all 
chcmic.d changes. 

(c) Each kind of atom has a definite weight. Different ele- 
have atoms difl'ering in weight. 

(.3) Chemical combination occurs by the union of the atoms of 
the elements in simple numerical ratios, e.g. 

\ atom .1 + i atom B ; i atom A + 2 atoms ; 

2 atoms A + i atom B • 2 atoms + 3 atoms B, etc. 
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These simple assumptions will explain the laws of chemical 

combination. ... , • i u 

In the first place, atoms are indestructible in chemical change> 

so that we see the necessity of the law of nidestruclibilily of 

matter (p. 49). Secondly, the molecules of a compound are 



all alike, being formed of numbers of atoms of 1 

elements which do not vary from . 

explains the taw of am.tant proport, om. '' 

(lanbinc in more tlian om- pn>p<jrtioii. - ,,lh( i 

compound must always diller from .be 

compound by a whole miinbcr of 1 .istK 

ments, which explains ihe law of muli>rl> ’ 
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compounds of the elements A and C must be formed according 
to the scheme : m atoms A + n atoms C. Compounds of the 
elements B and C must be composed of : x atoms B +7 atoms C. 
Compounds of the elements A and B must contain : atoms 
A + ^ atoms B. But m, n,p, q are whole numbers, usually 
small. Hence /, q are either the same as m, x, or whole mul- 
tiples of them, usually small. This is the Law of Equivalent 
Proportions. 

The absolute weights of atoms, as Dalton realised, are very 
small indeed, and he therefore directed his attention to the 
determination of the relative weights, taking the weight of the 
lightest atom, that of hydrogen, as unity. If the absolute weight 
(or mass) of any one atom can be determined, those of all the 
others are found by simple multiplication of this by the ratios of 
the atomic weights. In recent years the mass of the hydrogen atom 
has been found by experiment to be i-66x lo"^ gm. Thus, 
I c.c. of hydrogen, at s.t.p., weighing 0-00009 contains 
5-4 X 10*® atoms. 

Atomic weights are now referred to the weight of the oxygen 
atom as standard. This is taken as 16 units, so that if the weight 
of an atom of an element and the weight of an atom of oxygen are 
in the ratio A : 16, then A is the atomic weight of the element. On 
tliis .scale the atomic weight of hydrogen is i-oo8, but for ele- 
mentary purposes tltis may be taken as r. The equivalent of an 
«.-lerncnt (p. 128) is, strictly, the weight combining with or dis- 
placing 8 parts by weight of oxygen. 

The equivalent of an element will, from the definition, be 
< iihfT the atomic weight itself, or related to it in a simple manner, 
.■ <•., it will he a simple fraction of it, h, i, 5, r, etc., since i atom of 
ihe elciiH-nt combines with i. 2, 3, etc., atoms of hydrogen, or 
t.vo atoin^; of the element with 3, 5, etc., atoms of hydrogen, and 


> on. 


In Its original torm, Dalton's at<imic theory provided no 
ii.e.'LT'i.-. >'f determining even the relative weights of the atoms. 
.Mihouph S parts ot oxygen combine with i part of hydrogen, 
vva do ii'Jt know how manv atom-j ot each element the molecule 
..f the ro'.iiting water contains. If it contains i atom of each 
'^as Dalton supposed), the iitomic weight of oxygen is 
but it it contains 2 atoms ot hy'lrogen to i aican of oxygen, as 
the volume ratio would suggest, the atomic weight of o.xygcn is 
2 V 8 [6. 


I he c.sistencc of i (o. 

« •* ' * 

tion that the atoms of a given 


120) shows that Dalton’s assump- 
' lement are all alike is not correct 
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unless each isotope is regarded as a separate element. Ordinary 
chlorine, for instance (atomic weight 35-5), is a mixture of two 
isotopes of atomic masses 35 and 37, the mixture always being 
in the same proportions. This result does not affect the 
ordinary use of atomic weights (see p. 149)- 


h T ? O 
TT+ ? 
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(?) Vinegac 
Ferment 
Botarion (?flask) 
or Vapour 

Crucible 

Selenite 

Juice 

I I Stones 

X Salt 

Arsenic 


Gold 

Silver 

Lead ^ Leado 
^ Tin (later, Mercury) 

? 

/ 

Sulphur 

% Calcined copper 

|P' Calcined lead 
WVW Water 


Copper 

Iron 


To Ounce 

Fig. iii.-Chemical Symbols m Alexandrian Greek MSS. 

Chemical names, symbols and formulae.-Onc 
culties felt by a beginner in any science 

technical terms, and sometimes sym^ls, o derive 

applies, naturally, to chemistry. The ® 
comfort from the fact that the present system 
substances,. and of representing them by sjm s. 
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simpler and more easily remembered than it was until about the 
beginning of the nineteenth century, when a new system of 
chemical nomenclature (naming of substances) was introduced 
by Lavoisier and, shortly aftei^vards, a new system of notation 
(representing names by symbols) by Berzelius. 

Let us first, in order to make this clear, look at the list of S5rmbols 
in Fig. Ill, which are taken from the early Greek chemical 
MSS. mentioned on p. 66. We notice that some are merely 
contractions of the Greek names for the materials {e.g.y vinegar, 


^ Antimony 

1 Mercury 

0—0 Arsenic 

Salammoniac 

\’inegar 

— Corrosive sublimate 

Spirit of wine 

Q) Saltpetre 

Borax 

A qp Alkali 

Y Calx 

0 Vitriol 

Realgar 

/\ Fire 

.So.'ip 

r— 7 VWVW ... 

\/ WWV 

I-'IG. 1 1 .• -.\lchemist’s 

Symbols ; from Osw.\ld Croll's 


!<a$ilica Chvmica, 1600. 


crucible, salt, ursenii ) : others, the symhol.s of the metals, 

lie the svttihols of the planets; .‘*'un=goId: Moon = silver; 
''.iturn = le.id : Mar.s = iron ; \'enus = copper. Tliis association 
<*t ire.tiils with planets came oriiiinallv from Babylonia, as we 
'.now from c uneilorin accounts and also from later Greek writers 
>urh ;is I’roclus. I he al'-lietnisis also made much use of the 
alea, and in their book> we must uiKler.stand hy soi ( = Sun) 
gold, and so on. We still use the natne mcrcurv for the metal 
yiifter the planet) and .«]' ak of .'ilver nitrate as lunar caustic. 

■: have obvious derivations, but there 
ate some of which we do not yet kiiow the meanings. 

T'he next list, in Fig, 112. from a textbook published in 1609, 
i.s .similar. Some of the .Mmbols are obvious modifications of 
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those in the first list {e.g., arsenic), but there are several new 
symbols e.g.y for antimony, spirit of \vine, borax, and 

shape of which is that of a flake of Lux ). mer^rv ’ and 
corrosive sublimate is made up of the symbols for mercury 

‘ vapour.’ 


O Hydrogen 
Nitrogen 


00 

00 



Carbon 


Oxygen 
Sulphur 
Phosphorus 
(2) Alumina 

(Q) Soda 

(jJJ) Potash 
Coppec 
@ Lead 





Olefiant gas 
Carbonic oxide 
Carbonic acid 


Sulphuric. acid 


Potash alum 


The early chemical names P“-'>;f3"“!;;ano“.h"";o 
requently had one meamng i 'l Aad a i^ariety of names, 
fie ordinary rrian. The same subs based 

depending on its mode of prepamUo . . antimony was 

m accidental resemblances. Thus . , ^ (sulphuric 

classed along with ordinary butter, and otl ofvttnoi ts P 

P-B.C. ^ 
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acid) with olive oil. Such names as liver of sulphur (impure 
potassium sulphide) and cream of tartar (potassium hydrogen 
tartrate) arose in this way. Salts were often named after their 
discoverers, or the places where they were found (Glauber’s salt, 
Epsom salt). 

The symbols introduced by Dalton were, as we see from the 
few specimens reproduced in Fig, 113, not much better than the 
old ones, since there was no help to the memory in them. There 
was, however, one important step in advance, viz. that (besides 
the fact that each symbol represented one atom) the formula of 
a compound was made up of the symbols of its elements and also 
showed how many atoms of these were present in the molecule. 

Berzelius’s system of symbols is very simple. Every element 
is denoted by the initial letter (sometimes with another letter) 
of the Latinised name of the element^ and in writing the formula 
of a compound, the symbols of its constituent elements are 
written down side by side, with a small whole number below each 
symbol to show how many atoms of it are present (the figure i 
being always understood). In French books these figures are 
sometimes written above the symbol. 

The symbol of an element has a quantitative significance and 
represents one Atoin^ or one atomic W6ight, of the dement* 
1 hus, H represents i part by weight ol hydrogen ; O represents 
I f> parts by weight of oxygen ; Cl represents 35-5 parts by weight 
of rliiorine, and so on. This is the most important feature of 
the system of chemicui notation. 

1 he .symbols of the k-ments, with their atomic weights, are 
gnen in tlie table inside the front cover. The following are the 
ios c)l)vious symbols, which the reader should remember • 


English Name. I.atin Name. Symbol. 


Antimony 

stibium 

Sb 

copper 

cuprum 

Cu 

iwtTCury 

hydrargyrum 

Hg 

silver 

argentum 

Ag 

gold 

aurum 

Au 

iron 

ferrum 

Fe 

lead 

plu>'ibum 

Pb 

potassium 

kahum 

K 

sodium 

natrium 

Na 

tin 

stannum 

Sn 


The symbol W given to tungsten is from the 
U’oijram. 


German 


name 
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The names of compounds.— Tlie names of compoumls are 
formed from those of their constituents m such a way as to 

indicate their composition. . . hman? 

In the names of compounds of uvo ™ 

compounds, the name of one element, the more elertropositne 



(p. ott). comes first, followed hy the name of the other eletnettt. 
suitably contracted and wtth the termtnatton -ide , 


HaS hydrogen sulphide. 
NaCl sodium chloride. 


(').,() (hK>rine monoxide. 

ISaL,l soQliim entottoe. Mp.,Nr m-tH'-Htm ttttrtde. 

Since two elements often combine in more 
tion, giving dilTerent compounds thts ',,,ef.xes. 

nomenclature m one of two . (0 1>> 
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Thus, the two oxides of copper are : 

Red oxide of copper, CU 2 O, cuprous oxide ! o «: 

Black oxide of copper, CuO, cupric oxide ( 

Two oxides of sulphur are : 

SOa, sulphur dioxide \ 

SO3, sulphur trioxide ) 

The suffix -ous denotes the lower^ the suffix -ic the higher^ 
proportion of an element. The sufl^es are always added to 
the Latin names : 

Green chloride of iron, FeCla, ferrous chloride, or iron 
dichloride. 

Red chloride of iron, FeCla, ferric chloride, or iron trichloride. 


In a series of oxides, the one containing most oxygen is often 
(but not always) called the peroxide. 

Chemical equations.— A chemical change occurring between 
substances, or a chemical reaction, may be represented by a 
chemical equation. In this we w’rite down the formulae of the 
substances which react, and those of the substances fbrmed by 
the reaction. The formulae of the interacting substances are 
connected by plus (+) signs, as are those of the products of 
reaction, and the set of initial substances is separated from the 
set of products by the sign equals ( = ). Each symbol represents 
a definite weight of the substance, as e.xplained, and since the 
total weight of any element must be the same after as before 
the reaction, the equation must express this by containing the 
same number of atoms of each element on both sides of the equals 
siun. The equation is then said to be balaucedy and an equation 
n<-rer correct unless it is so balanced. For example, the 
‘•oinbination of hydrogen and oxygen to form water is not 
i-orrcr.tlv represented by the equation: H + 0 = H.>0, but the 
equa.rion ill f 0 = H 20 represents the correct number of atoms 
on CiUh .side, i. a l>alanccd equation, and is so far correct. 

'1 he .-t'Klcnt should avoid forming the careless habit of leaving 
■ qi; -lions unbalanced with the sign -> instead of =. 

A.thouph an etjuation can never be correct unless it is balanced, 

' by no means necessary that a balanced equation is a correct 
- presentatjon of :a<’t.s. For in.stancc, we shall soon see that 
l ie correct way of representing hydrogen and oxygen gases is 
by the svmbols H,. and ().,, and therefore that the correct 
equation is not but 2H, + 02 = 2H.0. Again, 

m order that a correct equation may be written, we must know 
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that the change it represents can really take place, and that the 

products are feally those which are sho^™ m the 

Althouffh the equation C + aClg — CCI 4 is balanc , 

. 1 ,h.«h cW„ld. .f 

!:;Xt.£ad.tUTr;„d.c;d b, ,h. .. 

chlorine. We cannot invent methods of ^ j „„ 

tif sr .?™S 

* What is the action of sulphuric acid on on 

aso“s i; “if fdd ..d 

copper, so that hy analogy the reaction will b 

H2S04 + CU = CUSO4 + H2’ 

This will, however, be *|f^he “cmrTcfcqSn 

sulphate is formed, hydrogen ^ ’ Reasoning by analogy 

is 2 H 2 S 04 + Cu = CuS 04 -. 2 H ,0 + ^^R^^^^^^^ 
is especially unsafe and JjH nearly always 

student knows how a reaction take p ^ ^ ^ equation 

he wrong if he attempts to represent the uarbon 0) 1 

made up by analogy with some other elements are 

Acids, bases, and s^ts. Comp ,o ,he 

called ternary compoundB. the mos p * |,dng oxvgen. 

classes known as acids, bases, ‘t"'' t nguish ur/i/r 

The terminations -ous and -ic are then ,,„d -ate 

containing less and more oxygen, the termination, 

being used for the corresponding sa/ts : 

« , , * xj cn Sodium sulphite, Na^SOj. 

Su phurous H SO3. Sod 

Su phunc H,SO.. p„f^ssium nitrite, KNO.. 

head nitrate, PbiNO,),. 

Oxides yielding acids with water are ealk aci ic on 

acid anhydrides (a without ; oh'-p (hudor) 

SO„ snlphurous anhydride. SO ™'P ^„,.ydride. 

P.O„ phosphoro^ anhydride. PP p i 

b; he combination of acidic -ides with water, acids are 

produced : SO, + H,0 = H,SO. (sulphuric acid). 
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Oxides reacting with acids to form salts are called basic 
oxides. 

By the combination of ^ome basic oxides with water, bases are 
produced. These contain a metal (or radical, cf. below) united 
with a group of atoms OH, called hydroxyl, and they are there- 
fore called hydroxides (not ‘ hydrates ’ ; p. 39). Hydroxides of 
sodium, potassium, and other so-called alkali-metals are called 
alkalies ; oxides of calcium, strontium, and barium are called 
alkaline earths. 

K2O + HoO = 2KOH (potassium hydroxide, caustic potash). 

CaO + HjO =Ca(OH)2 (calcium hydroxide, slaked lime). 

Acidic and basic oxides combine to form salts : 


SO3 + NagO = Na2S04 (sodium sulphate). 

Acids and bases react to produce salts, but water is formed at the same 
time : 

2NaOH + H2SO4 = NaaSO* + 2H2O. 

The salt Na2S04 may be regarded as sulphuric acid in which 
two atoms of hydrogen are replaced by two atoms of sodium. 
Thus, acids may be considered as salts of hydrogen, which 
hydrogen can be displaced by metals. This takes place directly, 
for instance, when metallic zinc dissolves in dilute sulphuric 

■ /n + H2SO4 = ZnSOj (zinc sulphate) + H2. 

Salts arc also formed by the action of acids on basic oxides, 
or carbonates ; in the second reaction (below), gaseous carbon 
dioxide is evolv'.'d with effervescence : 


( ut ) + H.SO^ = CUSO4 f H.O 

.’lICl ^CaCU -^ HoO + COa. 

Radicals. In certain compounds ix group of atoms plays the 
iMri ot a singl(‘ atom, and occurs in a whole scries of combina- 
v ;;:i (jih.-r atom.s. Thus the salts formed bv the combina- 
Uun fti ammonia. .N H;,, with acids all contain the group NH4, 
V Ii i'la>s the part of a metal, .tnd is called ammonium : 


XII., . Hn = XH4ri, amnioaium chloride (cf. potassium 
chloride. KCl). 

:NH., • H2SO4 =(\ ammonium sulphate {cf potas- 
sium sulphate, K^S( 

Such in unvarying gr{)U]> of atoms present in a series of closely 
related eompounds is called a radical (Latin, radix, a root). 
'I'lie group OH (hydroxyl) in ba^es is a radical. 
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General properties of acids and bases.— Although typical 

representatives^of acids, bases, and salts, has 

of chemical compounds, have been mentioned, no attempt has 

been made to give logical definitions of 

some difficulty, since the properties of one “n hardly be specifi 

withbut reference to those of the other two \i„eear or 

The ancients knew only one Mid. 
crude acetic acid, produced by the oxidation of wine, wnit 

carbonate Proverbs xxv, 20), a nearl. Other 

fcidf(sulphuric? J^tVc!TydrochS 

which acetic acid is an example. .mrine fruits whilst 

Uitaric, and malic, impart a sour taste to unripe fruits, 

the acidity of sour milk is due to Ucuc acid. 

Boyle (1663) recognised the following as the properUes of acids . 

(1) They possess a sour yawing power on different 

(2) They act as solvents, but with varying p j j ( , 

bodies; the varying strengths of acids sstss recognise y 
Tachenius in 1666. « of liver of sulphur 

(3) They precipitate sulphur from a solution ol liver o 1 

(polysulphides of potassium). (f p litmus) red, 

(4) They turn many blue vegetable colours {f.g., ntm ; 

the colour being restored ^y^^^“^^- u..ractcristic properties of 
(s) They react with alkalies, the « being formed. 

each subsunce disappearing, hvdrogen is evolved by the 

(6) Cavendish (1766) showed that hydrogen i. c^ 

action of acids (except nitric) on zme, ir , * 

Examples of alkaline substances, such am’icnls.^ 

(native sodium carbonate) acquainted with 

alchemists of the thirteenth cent Y . ^ / prepared 

ammonium carbonate in the forrn of 5//^ / j putre- 

by the destructive distillation of horn that the 

faction of urine (c/. p-_ 37 ^^)-. with water: Latin 

salt obtained by the lixiviation the sea littoral 

lix, ashes) of the ashes of plants S'"?' contained 

had the same properties as natron, _ latrochemists first 

the same alkali as wood ashes. These properties 

described the general properties of alkalies. T hese p l 
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were found to be enhanced by boiling with milk of lime, and the 
names aitraii and caustic were introduced for the 

alkali before, and after, this treatment, respectively. The 
difference between mild and caustic alkalies was explained by 
Black in 1754, as we shall see later. 

As general properties of alkalies, the f<;^lowing were recognised : 

(1) Their solutions feel soapy when rubbed between the 
fingers. (This is probably due to corrosion of the skin, since 
it is felt with concentrated sulphuric acid ; acids when diluted 
usually feel very harsh when so treated.) 

(2) They restore the blue colour of dyes reddened by acids 
red cabbage, litmus), and turn the extract of violets green. 

(3) They neutralise acids to form salts. 

(4) The ‘ mild ’ varieties effervesce with acids, giving off 
‘.fixed air ’ (carbon dioxide). 

Normal, acid and basic salts. — By the interaction of acids 
and bases, salts are produced, together with water. Salts are 
named after the commonest representative of the class, viz. 
common salt. It is not possible to give a table of general proper- 
ties of salts. For instance, they have not all a ‘ salty ’ taste : 
some are nearly tasteless, some are sweet, others have a ‘ metallic ’ 
taste, etc. Again, some salts are soluble, others are insoluble, 
and so on. The classes of salts called normal, acid, and basic 
salts may bo defined at the present stage. 

When an acid contains in the molecule only one atom of 
hydrogen which ran be replaced by a metal, it can form only 
one class of salts. T'hus, liydrochloric acid can give chlorides 
in whi^h «;// the hydrogen has been replaced by a metal. It is 
called a monobasic acid : 

Xa(JH f HCI = N'aCl ^ fUO (sodium chloride). 
ZnfOH). 2HCI = ZnCU + 2H.O (zinc chloride). 
i‘o(OIl(, f 3HCI = F0CI3 +3H3O (ferric chloride). 

\v l,f n an acid contains in the molecule /wo atoms of hydrogen 
‘’ hich . an l>e replaced by metals, it can form /wo classes of salts. 
Fuller bu\h atoms of hydrogen arc replaced, forming a normal 
s.ilt. or only one, when an acid salt is formed. Sulphuric acid 
is dibasic. 

.\ aOH HoSO^ = XaHSOj (sodium hydrogen sulphate) -f HgO. 
- N.iUH h HoSO^ = Xa.jSO^ (normal sodium sulphate) + HgO. 

It must be remembered that an acid salt is not necessarily 
acid to litmus : acid sodium carbonate, NaHCOg, derived 
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from carbonic acid. H.CO,, is alkaline *° "ndb 

‘ normal ’ is Dracticallv never used m speaking ot salts mai 
vidually ■ we^say simply ‘ sodium sulphate, etc. Sometimes 

acid salts, besides being called sodium 

sodium hydrogen carbonate, etc., are called b.suiphale, 

" ^"see^Ae reason for this from the oM formulae of th.e 
salts t Na,0 . eCO, . H,0, etc,, m which they are represent 

as made up of acid and basic oxides. ^ We 

Basic saSs may be regarded from two 

have seen that all bases and the other 

with the acidic hydrogen of acids to form 

atom or radical of the base t^en forms a sa It vwth the^raa^^^ 

of the acid. When, however, a base li formed 

hydroxyl group, we may suppose that a salt . 

which s^tilUontains one or more hydroxyl groups of tlu 

Pb(OH)2 + HCl = Pb(OH)Cl + H-P. 

We call Pb(OH)Cl basic formulacTs'thi; 

that basic salts very rarely have • P compounds of 

would suggest, and it is usual to reg- Thus the common 

normal sSts with free base or ba^c i.^-Irbonate 

baac lead chloride is PbCl,^ ^’^ea^krbasic salts may be merely 

mixtmes“k normal^salts with basic ^ on hemis.ry 

Chemical calculations. -The '^y^'ernat c . otatjon ol 

leads to a great simphficatioii of ‘. weighl, 

symbol of an element represents moleeuh. the 

and the formula of a compound p ii.c atoms conlaincd 

weight of which is the sum of the "7^ exampif. 

//. The unit of weight is quite ar^trar^ 

O means i6 grams, ounces, . cupric oxide. 

means 79 grams, ounces, pounds, el 1 ,^ 

The interaction of elements atomic and 

chemical equations. Since the sym • j. of the same 

molecular weights, the same number 

elements must occur (in different group ’ equation must 
side of a chemical equation ; or, as is .said, th. equ 

balance. , . from its percentage 

The formula of a compound IS casaly foun<H P 

composition, and vice versa. T he p ij^^j the empirical 
derived from the percentage composition 

formula. 
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To find the formula from the percentage composition^ divide 
the percentage of each element by its atomic weight and so 
obtain a series of numbers in the ratio of the numbers of atoms 
of the elements in the molecule of the compound. This series, 
reduced to the ratios of the smallest whole numbers, will give 
the empirical formula. 

The slight differences from whole numbers often found are 
due to experimental errors in the percentage composition. 


Example i. — Potassium chlorate contains 31*84 per cent, of 
potassium, 28*98 per cent, of chlorine and 39*18 per cent, 
of oxygen. Find its empirical formula (K = 39; 0 = 35*5; 

0 = 16). 

The relative numbers of atoms of the elements in a molecule 
of potassium chlorate are : 


PoTASsiu.M. Chlorine. Oxygen. 


-0-S.6. 

28*98 

39 

35-5 

0*8162 

0*8162 * 

0*8162 

0*8162 


0*8162 ^-^ = 2*4486, 

16 

2*4486 _ 


Example 2. 
!i< id, H \( ).j : 


the formula is KCIO3. 

Find the percentages of the elements in nitric 
HN03= 1 + 14 + 3 X 16-63 


I luis. 63 })art> by weight of nitric acid contains i part of hydro- 
gen, *4 [utfis of nitrogen end 48 parts of oxygen. The weights 
t>t the cIcnK-nii in 100 ,>arts by weight of nitric acid are the 
j)i.T( en(agf > required. . 'fi-.us : 


percentage ot hydrogen= i x 

^3 

percentage of nitrogen - 14 x = 22*22 

h 3 

l^crccmage of oxygen =48x-®°= 76*19 

100*00 


[ 


Example 3. — What weight 
.nil in air to give 100 grams of ; 
Fir.si write the equatiop in un':. 


•ron pyrites (FeSo) 
alphur dioxide ? 
-.lamed form : 


must be 


FeSj^O give -r SO2. 
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To form Fe^Oj we shall require 2FeS,. 

3O and the 28^, f.e., 4S will require 4 » ^ = «0 to form 
Lnce, in all, 8 + 3 = fO will be required. The balanced 

equation is ; ^FeS^ + n O = Fe^O^ + 4SO2 

2x56 = 112 

2x2x32 = 1^ 4x2x16=128 

240 ^ 5 ^ 

Therefore 240 grams of pyrites give 256 8^ 
the weight required for 100 grams of SOj will oc . 

240xi°° = 93'7<' gtams, 

4.-Five bundled grams of^pota^^ 

decomposed by sulphuric ^ what is the creaiesi 

acid produced neutralised with lead oxide W hat is tlu grea 

weight of lead nitrate which can be formed . 

The equations are : 


(I) 


KNO3 + H2SO4 = KHS04 + HNO3. 

I 

14 

3 X 16 = 48 

63 


39 

14 

3X 16=48 


lOI 


(2) 


2HNO3+ Pb0 = Pb(N03)2+ ^2^- 


2 X 63 


207 

2 X 14 = 28 
3x2x16= 96 

.TV 

We see that loi grams of 

nitric acid, and that 2 x 63 ° grams of lead nitrate we 

of lead nitrate. Hence, to form 33 S ' Therefore. 

must take 2 X loi = 202 grams of obtain : 

from 500 grams of potassium mtrate we 

1^x331=819-3 grams of lead nitrate. 

The separate calculations for equations (1) and ( ) 

are not required.) 



CHAPTER X 


MOLECILES 


Gay Lussac's law of gaseous volumes. — The relative com- 
bining volumes of hydrogen and oxygen were found by Cavendish 




i-rv n»'.irl\’ 2 : • . 
‘ -.iv 1 ,u>sac- iti I 


• rv.rr von Humboldt and Joseph 
- ■ <-d this result, and the latter, 
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impressed by the simplicity 

to other chemical reactions bet ^-hanees occur between gases, 

the following law : When che^cal interacting 

there is always a simple relation^ ee 'j'hg same condi- 

gases, and also of the products, if thes ^ ^ 

tions of temperature and pressure are assumed. 



Hydrogtn 


Oiyg^n 
t vot. 



Fig. ii6.— Combination of Hydrogen .and Onaoen 



Hgdr^M 
/ vpf. 


t }foU 



Fig 117.-C0MBINATION of Hydrogen and Chlorine. 

volumes of the gases. * * ' 


in simple ratios, there must 7 

atomic weights and *0 numbers 

that equal volumes of elementary b — ^ 

of atoms. 




Hydrogen 
$ vot 


CMofinn 
I vd/* 


Chfcffd^ 

2 


Fig. ii8.-Combinat.on of Hydrogen 

c^^rna^ 
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particles as the elementary gases. Take the case of hydrogen 
and chlorine and represent a hydrogen atom by # and a chlorine 
atom by 0. 

We see that we cannot make the volumes right, because to 
do this, hydrogen chloride would have to contain only half as 
many particles as an equal volume of hydrogen or chlorine. 
Dalton pointed out this difficulty. It was overcome in a sur- 
prisingly simple way by the Italian physicist, Avogadro, in i8ii. 



Avogftdro ’s hypothesis. — Avogadro began by assuming that 
the .'irnph- hypothesis of equal numbers of particles (molecules) 
in <Mju.ll : 'lutaes is correct. The discrepancies must then arise 
t.'iia an incorrect method of applying the hypothesis to the 
e-.i.i.'iin-.ontal results. 

vOgatiros liypothcsis <5;ates that equal volumes of all gases 
''.ipours, under toe same cood’tions of temperature and pressure, contain 
’.dHijtical numbers of molecules. It sliows that ‘ the ratios of the 
masses or the molecules are the same as those of the densities 
of the different gases at equal temperature and pressure.’ 
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By a molecule is meant the smaUest mass of a substance capable of 

“rogTdrfnow showed that U.e ,noluuUs of 
eases are not necessarily the atoms themselves, but usually con- 
sist of groups of atoms, behaving as though they were s ngle 
particlei The number of atoms in a molecule .s somet.mes 

called the atomicity : argon, A. is mon^omic 

diatomic; ozone, O3, triatomic ; phosphorus, I„ letratomie, 

'“Let us assume that the molecules of both hydrogen “''d chorine 
contain two atoms each, and that they are divided v hen e 
gases react. Then the volume relations will come out lorrtttl) , 

as we see ; 


•# 


•• •• 



•0 mo 

# 

0 


0 


# 

•0 

•0 

•0 1 

c# 


HC\ 


Hd 


Fig. 120.— Combination of Hvdrogen and Chlorine. 

or, in ordinary symbols : 

H2 + CI2 = 2HC1. 

Another example is the formation of steam from hydrogen 
and oxygen : 


•• 


00 CO 


• 1 ? * 0 * 



+ 

cP 


•• 

*s 



<p 


U A 

H.O 


Fio, lai. -Combination of Hvobogen ano Oxygen. 

Now consider the of thTcL 

carbon dioxide. In this . ° are present in a soliJ, 

of the molecules of apply. If '^e assume 

to which Avogadro s hypothesi oc atoms of oxygen to 

that one atom of the fact that no change m 

form a molecule of Lygen is explained, but 

volume occurs when carbon bu if we assume that 

it is dear that the same result is obtained 
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n atoms of carbon combine with 2 atoms of oxygen to produce a 
molecule of carbon dioxide. The only result which may be 
deduced directly is that a molecule of carbon dioxide contams 
a molecule of oxygen (2 atoms). 


% 00 



00 

+ 

II 

c®o 

00 


0 

00 


0 , CQ^ 


Fio. 122. — Combustion of Carbon in Oxygen. 

Molecular weight and vapour density. — According to Avo- 
gadro’s hypothesis, the weights of equal volumes of gases are 
proportional to the molecular weights. Since hydrogen is the 
lightest gas known, the molecular weights of other gases may . 
be compared with that of hydrogen by finding the ratios of the 
weights of equal volumes of the gases to the weight of the same 
volume of hydrogen. These ratios are called the vapour 
densities (p. 121). If it is assumed that the molecular weight 
of hydrogen be i, the vapour density would be equal to the 
molecular weight, but as it is known from what precedes that 
the hydrogen molecule contains two atoms, its molecular weight 
must be 2, and the molecular weight of any gas or vapour is therefore 
twice its vapour density. This result does not, of course, depend 
on how many atoms are contained in the molecule of the gas, 
l>ut only on the assumption that there are two atoms in the 
molecule of hydrogen. 

This reasoning mav be set out in the following form : 

Van-..- den.;itv - v apour 

' ^ ^ Wi. of an equal vol. of hydrogen 

\Vt. of n mr.lccules of substance 

\Vt. of 71 molecules of hydrogen 

_Wt. of one molecule of substance 

\Vt. of one molecule of hydrogen 

_ MoU'i'ular wi. of substance 

Molt cular wi. of hydrogen ; 

Molecular wt. of substance = vapour density x molecular 
wt. of hydrogen ; 

Molecular weight = vapour density 2 . 




atomic weights from vapour densities 
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It may be noted that the standard molc^u' 

aiom,nQ\X\ie.\no\cQu\Q,of hydrogen. „„,i .iddinc together 
!ar weights of compounds arc to be formed b> adding g 

the weights of their component atorn^ ^ densities.- 

Detennination of atomic weight 6 .Viowed that Avogadro’s 
The Italian chemist Cannuzaro, in 1858, shoNscd that 



hypothesis can be applied in the ' ,lu- nu>h-< ular 

By means of vapour density .r. found. By 

weights of volatile compounds uarti' ular elcnuni 

analysis is then found what weights of the par 

. ,, I n the atomic wcij^lh 

• The standard of atomic weights now ,\vdro^e» l ooS. T'^’J 

of oxygen taken as lO. which rea'^uiung. which does not 

gives a factor 2-016 instead of 2 m the above 

affect it in principle. 
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are contained in the molecular weights of all the various com- 
pounds. These must be whole multiples of the atomic weight, 
and, if the number of compounds taken is large enough, at 
least one of the weights of the element present in the molecular 
weights of its compounds will probably be the atomic weight 
itself. 

The atomic weight of an element is the least weight of the element 
contained in a molecular weight of any of its compounds. 

It will be seen that this is not an independent definition of 
atomic weight, but is merely a consequence of Avogadro’s 
hypothesis. 

It cannot be emphasised too strongly that the determination 
of the relative density of one compound of an element, or of ihe 
element itself if it is volatile, can give no sure indication of the 
atomic weight. The molecules of the particular compound 
selected, and those of the vapour of the free element, may con- 
tain one, two, three, or more atoms of the element, for all 
we know to the contrary. The larger the number of compounds 
inve.stigatcd, the greater is the probability that at least one 
contains only one atom of the element in a molecule. 


Oxygen Compounds. 


Compound. 

Vap. density, 
(H = i) A 

Mol. wt. 
ss 2 X A 

Wt. of oxygen in one 
mol. wt. of compound. 

Oxygen gas - 

16 

32 

16 X 2 

Water - 

9 

18 

16 

C arbon monoxide 

14 

28 

16 

C arbon dioxide 

22 

44 . 

16 X 2 

Sulphur dioxide 

32 

64 

16 X 2 

Sulphur trioxide 

40 

80 

16 X 3 

Nitrous oxide 

22 

44 

16 

Nitric oxide - 

15 

30 

16 


The least weight of oxygen found in a molecular weight of any 
one of these compounds is 16, and hence this is taken as the 
atomic weight. 

inolecule of water contains one atom of oxygen, of weight 16, 
and ihcrefore contains 18-16 = 2 parts, or two atoms, of hydro- 
gen. The formula of water is therefore HjO. In this way the 
problem which had eluded Dalton, of finding the number of 
atoms of the elements in the molecule of a compound, is easily 
solved. 

Similarly, a table of carbon compounds may be drawn up. 
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Compound. 

Methane 
Ethane - 
Ethylene 
Alcohol - 
Ether - 
Benzene 

Carbon .monoxide 
Carbon dioxide 


Carbon Compounds. 

Vap. density. Mol. wt. Wt. of carbon in one 


(H = i)A 
8 
15 
14 
23 

37 
39 

14 

22 


= 2 X A 

16 

30 

28 
46 

74 

78 

28 
44 


nxol. wt. of compound. 
12 

12x2 
12X2 
12X2 

12x4 
12 x 6 
12 
12 


The atomic weight of carbon deduced from ‘hese resu ts^s . 

Thus, in 78 parts of benzene there are 72 ’ o 

carbon. Hence there are 78-72 = 6 parts or 6 atoms. 

hydrogen. The formula of benzene is thus CeH^ are 

^The molecular weights found from the vapour den tie ^ are 
only approximate, since the determinations arc usua^^ 

only roughly and the gases or l ontain exactly 

Charles’s laws accurately, nor do equal r atomic 

equal numbers of molecules. r^-tmed chemical 

and molecular weights are found from j., measure- 

analyses of the compounds, and the nnssible tno/t- 

ments are used simply to decide between van s i 

cular weights (see p. 183). ^^.,c,,r.*ments of the 

It is possible, by making very accurate tlie 

densities of'^^2^" then rnaking ^orrc narticulur gas, to 

deviations from Boyle’s law ^ weights and thence 

obtain very exact values for the molecular g 

atomic weights. ,..^;r 7 ht in grams of 

. Gram-molecular volume. — The molecular g 

any substance is called the gram-molecul^ weig ’ j 

nounced mo/e) : in the case of a gas this , or 

volume at s.t.p. which is called the gram-molecular voium . 

molar volume. . , „r.,ms hence the 

One litre of oxygen at s.t.p. weighs 1-4 20 = 22A litres, 

volume of 32 grams of oxygen at s.t j;. sl^ows tliat 

which is the molar volume. Avogadro s >1 
the molar volume of any gas at s.t.p. is -2 *1’ • themical 

In calculations involving volumes ot g ’ • between 

equations must be written so as to ^ ^he volume 

mo/ecu/es of the gases, since only m this case are tne v 

relations correctly given. 
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Thus, the equation H + Cl = HCI, although it gives the correct 
weight ratios, does not give the correct volume ratio. This is 
expressed by the molecular equation : + Clg = 2HCI. 

Example i. — Find the volume of oxygen, measured at 15® 
and 740 mm., evolved on heating 5 grams of potassium chlorate. 

The equation KCIO3 = KCl + 3O does not show the production 
of oxygen molecules. It must be written ; 

2KC103 = 2KC1 + 302 . 

2x39= 78 3x22*4 litres 

2 >< 3 S‘ 5 = 71 ats.T.p. 

2 X3 X 16= 96 =vol. of 3 mols at s.t.p, 

ill 

Thus, 245 grams of chlorate give 3x22*4 litres of oxygen at 
S.T.P. Five grams will give : 

X 3 X 22*4 litres at s.t.p. 

245 

At a pressure of 740 mm. at o® C. this will occupy 

S 760 ,. 

X 3 X 22*4 X — litres, 

245 740 

and at the pressure of 740 mm. but at 15® C. it wll occupy 

5 760 271 + 1 ? 

— - X ^ X 2 2*4 X t X ii 

245 740 273 

= 1*49 litres. 

Example 2. — Find the weight of i litre of nitrogen at s.t.p. 
The formula of nitrogen is Ng* I'^ence its molecular weight is 
2x14 = 28. Therefore, since i mol, 28 grams, will occupy 
22*4 litres at s.t.p., the weight of i litre at S.t.p. will be 
28/22*4 = 1-250 grams. This is the normal density (p. 121), and 
the iheoretiral normal den.sity of any gas is = mol. \vt./22*4, in 
grams per litre. 

Example 3.— Find the weight of 20 litres of carbon dioxide 
at 14® C. and 729 mm. 

Vol. of 20 litres at s.t.p. = 20 x x = 18*25 litres. 

760 287 ^ 

^ow 22*4 litres of carbon dioxide (COg) at S.t.p. weigh 

12 + 32 =4.1 grams ; 

weight of 18-25 litres at s.t.p. x 44 = 35-85 grams. 

22*4 
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Example 4— What volume of chlorine, measured at 12° and 
78finm.^pressure, can be obtained from . to 

dioxide bv treatment with concentrated hydrochloric acid . 
uThe aci/conu“s 38 per cent. HCl and has a specific gravity 
of 1*2, what volume of it will be required r 

MnO, + 4HCI = MnCla + 2H2O + Clg. 

A 22*4 lit. 

55 ^ atSTP 

^ 4x35-5=142 ats.T. . 

87 146 

87 grams MnOg give 22-4 litres of Ck at s.t.p. ; 

, ^ • r to ^ X — - = 28-81 litres at 

/. no grams MnOa give X 22 4 273 

12® and 780 mm. ino 

Weight of HCl required = no x 146/87 ^ of 

grams of aqueous acid there are 38 of HCl , . . weigni 

aqueous acid required 

1 10 X 146 X 100 


87 X 38 


grams 


1 10 X 146 xioo_ - 

and its volume will be x 1-2 ^ 

Diffusion of gases.— When a fptued^i'n one par't 

liquid such as ether or ammonui so nfrceutible all over 

of a room, the odour of the ^ -.{j escape of coal 

the room, and the same effect is non vapour 

'Tu^ ic nnt due to the motion ot t u_gas u 1 


It is called 
see 


me room, ana me sain^ v..vx.v ,ho f? 

gas. The effect is not due to the ^ it is a 

by draughts, as it ^the (P- ^^7); 

diffusion, and is due to the motion 01 tnc 

also p. 176. . . i,n„>rf,'d iar rapidly 

The hydrogen, contained in ^" JJJJ^ jtakesplaceinopposi- 
diffuses out, and air enters ; this mo\ ra', nioves down- 

tion to gravity, since hydrogen, the h b Dobcreiner 

wards and air, the heavier gas, vrr water in a cracked 

in 1823 found that hydrogen confined o\cr 

flask escaped into the surrounding air, p, hocame 

neck of the flask. , Graham a native of ,, towed 

professor of chemistry at thi^flask and since ihc 

that as the hydrogen escaped, air entere ^ wdrogen diffuses 

pressure inside is reduced, it f^o^l^ws that the 

out more rapidly than air diffuses in. occurred. 

a bell-jar of hydrogen, no change m the lc^cl 01 
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Graham devised a more convenient apparatus for measur- 
ing the rates of diffusion of gases, consisting of a glass tube 
closed at one end with a thin plug of plaster of Paris. This 
tube is filled with hydrogen over mercury (Fig. 125). The 
mercurv rises in the tube, and the latter may be sunk in a 



-ir e: 

» 

« * « 

. ( . 


I!' 


1 1 > 

i • • 


ti' Urrj 


V 


: It V < !r« 


1 lii 


t * 


r l'-\il eonstanl. After a 
•> out. ulul the tube contains 


A 


* « 


I..1' i.illu-ed i:-. , 1 --. \ri further change of 
• •■'I- ‘ ” >‘ur.'. It t • \ ■ f '.uu' i-i it '.i<iual air is tneasured, 

' ■ ^ I iiItU'' 111 ■ '.iir.-- 1 iter tln‘ wluiie of the 

<n oiiAiu.illv r« if.! . iiiri 1 ’lie iul>c. The iru'iT.se ratio 

't the re(|uire(l lor the 


'■ i:i\ 1 t'.i- r.i' ■ 

.liitusion of i.iual volume.^. Ii. tiii-v w.tv (irahain found the 
loli.-v.in^ hw of diffusion ; the polocity of diffusion of a gas is 
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inyeraely proportional to the square root of its 
density. This is known as Graham’s law 

' (1833). 

Example . — One hundred c.c. of hydro- 
gen are confined in a diffusion tube 
exposed to air. When change of volume 
ceases, what volume of air will be left in 
the tube ? 

The volumes diffusing are inversely 
proportional to the square roots of the 

densities ; 

, volume of hyd rogen «yi-293 
* * volume of air n/o-oq 


• • 


vol. of air * 



= 26*4 c.c. 



Fig. 125. — Grahams 
Appakatus for com- 
paring THE Kates 01 
Diffusion of Hydro- 
gen AND Air. 



The phenomenon of diffusion may be 
illustrated by the apparatus shown in 
Fig. 126. A porous clay pot, such as is 
used in batteries, is fitted by a rubber 
bung to a tube passing into a Woulfc’s 

bottle containing coloured water, as 

shown. Dipping into the coloured 
water is a glass tube tlrawn out to 
jet above. If a large beaker of hydro- 
gen is inverted over the clay pot. 
hydrogen diffuses into the fitter more 
rapidly than air passes out and th. 
increase of pressure causes 
to issue from the jet m the form o a 
fountain. If the beaker is now ^ 

hydrogen inside the I>‘>">'‘" 
out into the air more rapidly < ^ 

enters so that the pressure is rcduti d 
, Coloured water thus rises in the vertii i 

• tube attached to the porous pol. 

j Dissociation.— Avogadro's law applies 

] to mixed gases as well as to 1"^ 0;)^“ ; 

-I the total number of .,7n,,er 

volume of air is the same as 
of molecules in an equa 
pure oxygen or nitrogen. In the first 



Fig. 126. — ^Diffusion 
OP Hydrogen through 
A Porous Pot. 
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applications of the law to the determination of molecular weights, 
some difficulty was experienced with certain substances, of which 
ammonium chloride (sal ammoniac) is typical. This salt is produced 
by the direct union of ammonia, NH3, with hydrochloric acid, 
HCl, and its simplest formula is thus NHs, HCl, or NH4CI = 53*5. 
Bincau, however, found its vapour density to be only 13, 
giving a molecular weight of 26. This is roughly half the 
least possible theoretical value, and corresponds with the formula 
NjHaClj. This led Deville to question the validity of Avogadro’s 
law, but the true explanation was put forward simultaneously 

and independently by 
Cannizzaro, Kopp, and 
Kekul^ in 1857-58. 

They assumed that am- 
monium chloride, on 
heating, decomposes into 
ammonia and hydrogen 
chloride : 

NH^CI^NHg + HCl, 

which recombine on cool* 
ing. The density would 
then, for complete decom- 
position, be half the theoretical density, because the decomposed 
gas occupies double the volume it would if no decomposition 
had taken place. H'/icfi o subs/ance decomposes on heaiing 
and the produefs recombine on cooling, the process is called 



dissociation. 

IVbul (1862^ was able to demonstrate the dissociation by 
separating ammonia and hydrocliloric acid from the vapour by 
diffusion. Ammonia is mucli lighter than hydrochloric acid 
and therefore diffuses more rapidly {cf. p. 163). 

A piece of ammonium rhloridi- is heated in a tube d divided 
into two parts by a porous plug of asbestos (Fig. 127). The 
amntoma diffuses tbrougli tlie plug more rapidly than the hydro- 
gen ( hlorido, so that the gas in the part \d becomes alkaline, and 
that in the part Bf/ bccomc.s aciil (frotn the excess of hydrogen 
chlorid.e present). By lilowing out the gases from the two 
parts of the tube through tubes containing pieces of litmus 
piper ia and b') th’.s may be demonstrated. 

In dissociation t!.< • luuigc may be incomplete, so that a state 
of chemical equilibrium is e.<tabb.«;iicd. in wliicli llie dissociating 
substance and the proilu.'ts cd dissociation are all present: 
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NH Cl-^NH, + HCl. The extent of dissociation increases gradu- 

acid, by removing the oxidised surface of ’ 

solder to adhere. The producuon of quicklime from limestone 

is also an example of dissociation : 

CaCOa^F^CaO + CO.. 

(See again the distinctions between chemical and physical 

Lory of gases.-The f 

heat ^AvogadJo’s law ; 

of the gaseous state known as the ^ .niinlv in ilie 

suggested by Vj^jhat^riiquefied pas occupies only 

mneteanth century. The fact that a q „ioUcules 

a small fraction of the bulk of gas, p comoressed, the 

in a gas are widely separated. Vvhen a ga. 1. compresse , 

molecules move closer together. application of 

Liquids and soUds are > ‘^^Ipheir .nolecules are 

very large forces, and then only shgh y. n amount ot 

no doubt already closely packed, wi solids and 

free space between them. Since th throucli anv volume 

liquids do not tend to separate and spr . j«olc( ules of gases, 
available for them, as is the case with the ^f;;;;;;"^,[;./force 
they are supposed to be held toget icr j * .-ohesion between 

called cohesion. In gases .ofjether as when the 

the molecules unless they are f-trly 

gas is strongly compressed. I ht. .,i<n strormlv cooled, 

become apprlciable, especially if the ‘ ' 

and the molecules may coalesce to fo"" ' | j „ suindiiip. 

The molecules of a gas do not tend ‘“f " r; ,hut the 

and the mixing or diffusion of J ^jo„ con-'tituP-s 

molecules of a gas are in motion. ^ motion). It 

the kinetic theory of gases (from the of this 

is, of course, impossible to pemonstra 

motion directly, since the molecules a ^vlth experi- 

but the results of the assumption are m ag 

•Gaseous pressure —It is easy to o^^^ 

on the kinetic theory, since it is regarded as the rcbun 
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of the molecules with the sides of the containing vessel. Since 
the pressure does not diminish with time, the molecules must 
be perfectly elastic, so that they rebound on striking the wall, 
or on colliding with one another, with undiminished kinetic 
energy. If they were not elastic they would gradually come to 
rest and the pressure would vanish. 

When a gas is compressed, its molecules are crowded together, 
so that there is a greater number in a given space. Their speeds 
are not altered if the temperature remains the same. The 
particles will, therefore, collide more frequently with the walls 
of the vessel, and the pressure will increase. The diagrams of 
Fig. 1 28 show that when the volume is reduced to one-half and 


0000 


0000 


0000 

0000 

0000 


0000 

0000 

0000 


I'lG. — COMPRKSSION OF A GaS 

Rovi.i.'s Law. 


Q one-quarter, respectively, there 

will be twice and four times 
' — ij^ the number of molecules in 

— '' 1 the given space, and thus 

there will be twice or four 
0000 l\l\ times the number of collisions 

t= =!» I 1 11 per second as in the gas at the 

JLI nn original volume. The pressure 

0000 is therefore inversely profor^ 

0000 ZmZl lional to the volume, as hoyWs 

0000 law requires. This result was 

0000 0000 0000 deduced by Bernoulli in 1738. 

0000 If a gas is heated in a vessel 

r,G. ,.s._C0MPRKss,0N0FAr,„. “ ‘he volumc remains 
Lovi.i.'s Law. con.stant, the pressure in- 

creases. Since the number 
of ni«.io< ules remains the same per unit volume, their speed 
mu^l have increased so as to produce more colli.sions per second. 

J he effect of temperature on a gas is explained in terms of 
[lv‘ kitieMc onergy of the molecules. Heat is a form of kinetic 
energy, iind when a gas i.s heated whilst its volume remains 
e,.n^rant. the heat absorbed goes to increase the kinetic energy 
"t cav il particle ot the ga.s. The kinetic energy of a molecule 
■‘{ mass //.' is hmif where v i> the velocity. Hence the velocity 
' he parti<'lc> is increased when their kinetic energy is increased, 
and ih. refore both the frequency of the collisions with the walls 
and ..iM) the lorce exerted by each colliding particle will increase, 
i he pressure, therefore, will inrrea.se with rise of temperature at 
con.^tant volume, as is found to be the case. At the absolute 

zero, the molecule.s would have no kinetic energy and the 
pressure would be zero. 
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♦Velocity and free path of gas molecules.— Since the particles 
of a gas are acted upon by gravity, there will be a tendency for 
them to settle to the lowest part of the gas, but. in a small volume 
of gas, this is almost completely overcome by the 
moleciiles, which dart about in all parts of the gas and tend to 
keep it uniformly mixed. In a very tall column “/ gf 
however, an appreciable settling out due to gravi y, j 

the reason why the atmosphere becomes more and 
as we ascend from the surface of the earth. In ^ m>^ f 
gases there will also be a tendency for the heavter molecule m 
cluster together nearer the bottom of the column nnd the l.ghte 
at the top, so that in the upper layers of the atmosphere there ^ 

probably more nitrogen than in the lower P*'' calculated 

relatively more oxygen. At a height of 30 m ■ , j- 

that them are 8 volumes of nitrogen to . of f °‘ 

4 td . as on the surface of the earth. At a he.gh of 70 m.ks 

perhaps only the lightest gas, hydrogen, is presen , o 

is practically no hydrogen at sea-leyel. .nvpn tern- 

The velocity of gaseous molecules depends, at a , 

perature, on the weight of the molecules, the 

moving more slowly than the lighter, as "‘'1 be eM^.nedUJtn 

In oxygen (or air) at the ordinary tempera 

are darting about with speeds of about a ‘ in -i sirai'dit 

about as fast as a rifle bullet. Each parlic e i ■ • 

line until it collides with another particle, or 

the vessel, when it starts off in a straight line m 

The average distance through which a ino e< u . ■ 

a collision with another molecule and the ^ 
the mean free path. It depends on ^ 1 molecules 

clearly be smaller the higher the V : pressure the 

are then closer together. In air at atmosi millimetre 

mean free path is only about a ten niolccule ire 

(lo-^ cm.). If all the free .f of an oMg traversed 

joined so as to make up i mile, wh»^h r required, and 

per second, 4000 million of them (4 to ) 
this clearly gives the number of collisions per 

•Energy of gas molecules.— The ,.ncrgv of the 

generally, be used only to increase t ^ 
molecules due to their motion in strait, . .fom': as in 

only effect when the molecules consist o ^ ^ . „^5e^) but 

mercury vapour and argon, which are rotation of the 

also to increase the kinetic energy due t . ^,heel. l or 
molecules. This is like the energy of a spinning 
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example, a molecule of hydrogen, oxygen, etc., composed of 
two atoms, may be pictured as a very minute dumb-bell, and 
this is not only hurtling through space with a speed of over a 
mile a second at the ordinary temperature but is also spinning ; 
its motion will resemble that of a dumb-bell which had been 
held by one knob and then violently thrown into the air. In 
more complicated molecules the atoms may also vibrate, like 
two balls connected by a spring, and this vibration will also 
absorb kinetic energy. All these contributions go to make up 
the heat energy of a gas. It is obvious that we can obtain some 
idea of the complexity of the molecules of a gas from its specific 
heat, which is the energy absorbed per i® rise in temperature, 
and this method has been used with the inert gases, which form 
no compounds (p. 398), to find the atomic weight, which is 
identical with the molecular weight. 

Graham’s law of diffusion also follows from the kinetic theory. 
If we have two gases at the same temperature and the same 
pressure, the kinetic energies of their molecules will be equal. 

Thus x.e., the velocities 

of the molecules are inversely proportional to the square roots 
of the molecular weights, i.e.^ of the densities. The velocity of 
diffusion, however, is clearly proportional to the velocity of the 
molecules, hence Graham’s law results. 

The fact that ail gases obey the same laws relating to pressure, 
volume and temperature is explained by Avogadro’s h)'pothesis, 
since equal volumes contain equal numbers of molecules, the 
latter being widely separated. 

*The molecular structure of liquids. — Some idea of the molecu- 
lar structure of liquids has already been given. The molecules 
are now closer together tlian in a gas, and are practically in 
conlaor. ^itTu^ion takes place in liquids just as it does in gases, 

can be shown by placing sonic crystals of a coloured salt such 
as copper .sulphate at the bottom of a tall cylinder of water and 
noting that the colour due to the dissolved substance slowly 
spreads througli the colunm of water (Fig. 34). The molecules 
ol X iicpiid are therefore in motion, but since they are nearly in 
t ontacr, this motion will be difterent from that of gas molecules. 
1 he Ii<|uid molecules will be gliding over one another much as 
live eels squirm about in a basket. It has been calculated that 
only about one-third of the volume of a liquid is not occupied 

u\ the molecules, so that the motion will be correspondingly 
restricted. ^ ^ ^ 

\\ hen the liquid is heated, some of the molecules acquire so 
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much kinetic energy that they can break away from the cohesi%e 
attraction of the other molecules in the liquid and start away on 
a voyage through the space above the liquid. ^h<?y have now 
become gas molecules and this is what happens m the eya^raUoD 
of a liquid. The state of affairs is somewhat like that pictured 
in Jules Verne’s story, when a projectile is shot from a gun \Mth 
such velocity (really the kinetic energy is the determining factor 
that it will escape from the gravitational attraction of the earth 

and pass away into space. , 

When a molecule of vapour which is approaching the Iiq 

comes near it, the cohesive force again asserts itself, and the 

molecule is dragged into the liquid. This is condensa on. 

as many molecules enter as leave the iquid m a gu en tin t, 
there is equilibrium, and the vapour is then satura e ' 

It is also considered that in solutions the 
and solute are in motion. The dissolved sub-stance > - P - 

in the form of particles of molecular size which ^ ’ 

on standing, since they are in motion, and canno )i- 
since they pass with the solvent particles throug 1 I 

*^The^consideration of the structure of solids is deferred to a 

atoms^ and 

Dalton’s atomic theor>', Avogadro s hypothesis an , 

theory of gases were used by chemists and .■vnt rmieiit 

the nineteenth century, and although the resu s . ' ^ 

were in agreement with the predictions . existt-nee 

little possibility that any more direct indication - ^ 

of atoms and molecules would ever become 

of the fact that calculations by different methoc s 

of molecules in i c.c. of a gas had given resu ^ 

good agreement, some chemists were more ant m 

insist on the hypothetical character of the 

the opening of the twentieth century, a great o i.livdrs 

ledge on the atomic constitution of matter ' r is 

and%hemistry, and at the present day 

regarded as firmly established ; the considtrat ^..^ipturo of 

of the atom is the present problem, and from 'structure of 

matter science has passed in a giant s stride o 

This great advance became possible with p^^^idio- 

Madame Curie of radium and the intensive . V j 
activity by Rutherford and others. The atom of the Uemont 
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radium differs from such atoms as oxygen in its liability at any 
time to undergo a devastating disruption and explosion, in which 
the dibris resulting from the ultramicroscopic cataclysm is 
hurled away with immense speed. One of these tiny fragments 
of the exploded atom is a positively charged atom of helium, 
called an a-particle. These a-particles are ejected with speeds 
100,000 times faster than a swift rifle bullet, and they possess 
enormous kinetic energies as compared with gas molecules. 

Rutherford and Geiger in 1908 devised a method of making 
each separate a-particle reveal its presence. It is allowed to fly 
into a gas at low pressure. It then collides with the molecules 
of the gas, and the impact is so severe that the outer particles of 
negative electricity, or electrons (p. 239), which are present in 
the atoms of the gas, are knocked out of the molecule. The 
gas now contains the positive residues of the atoms from which 
the negative electrons have been ejected, and negative particles 
formed by the association of these negative electrons with gas 
molecules. A great number of such charged gas molecules, or 
ions, is produced before the energy of the a-particle is exhausted, 
and the gas becomes a conductor of electricity^ since the ions can 
move in an electric field. The conductivity produced by a 
single a-particle can be detected. 


The apparatus used by Rutherford and Geiger consisted of a 
long glass tube, A A' (450 cm. long and 2-5 cm. wide), called the 
‘firing lube’ (Fig. 129), which was exhausted, and contained 
on a lead plate, </, at the end A a preparation of radium, which 
expelled a-partic!es. Some of these shot along the tube and 
passed through the narrow tube, into the brass chamber C, 
where the gas at low pres.sure was rendered conducting. A 
mica window at /' shut off the gas from the evacuated tube, AA' . 
Running through the vessel C, and insulated from it by the 
ebonite ends, was a metal wire, which was connected through 
a battery and electrometer to the outer surface of the brass 
vessel. As each u-particle entered the chamber (at the rate of 
about one every second), it made the gas conducting, and the 
electrometer gave a deflection. In this way the individual 
'i-part;clf'S passing into C ccuid be counted. Since it was shown 
by separate experiment.s th<it each 't-particle turns into an atom 
■»f helium gas, and since the volume of helium gas given off by 
tl'.e radium preparation in c. given time could also be found by 
experiment, all the data required were known.* VVe have simply 


• Allowance is made, of cour.sc, for the fact that only a small, cal- 
culable. fraction of the a-partirles emitted by a pass through F. 
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I7I 


to find how many a-particles would go to form 22 4 of 

helium at s. t. p., and this gives us the number of molecules in a 
gram-molecule, the same for all gases. The result is 6 x 10 and 


is called Avogadro's constant. ,9 

This is an enormous number : it corresponds with 3 

1 1 _ .j *1-^ f 1 /^n ^jinnnt CODC Wltn It* W ^ 


This is an enormous numoer : u -t 

molecules per c.c. and the imagination cannot cope ' • 

can, however, imagine the molecules in this i ° ong 

i___ *.u_^ u o ctviqII nnpriure at the rate 01 one 


can, however, imagine me moiccmcs x.. t,..., * o . - 

out one by one through a small aperture at for 

million per second, and it would then take one mi > 
them all to pass om. Think how many atoms there are in the 



Molecules are extremely minute ^ ^ ^'^*ir-f'"(iraance which 
gen molecule is about 2 x cm. _ T he 

can be perceived with a powerful microscope is c .^l^out 1000 

and it Is surprising that this would c^tam 

hydrogen molecules placed in line. Thus from the 

so greatly removed from visibility as we could^increase the 

vast number per cubic centimetre. If I ^ 

power of the best modern microscope 

thousand-fold, wc should see large moiccu 1 

vided the usual laws of optics held good. Ir/iirocen. 

We can now calculate the weight ^ each con- 

Two grams of hydrogen conwm 6 x io«_n oiuuie., 

taining two atoms. Hence each atom \veig is 

i^6x 10“ gm.=l'66 X 10-^‘ gram. 

To find the weight of any other atom ‘^[^JJJ^^Jj^^or^molecular 

simply to multiply this number by th moms and 

weight, of the subsunce. The absolute weight, oi all atom 

molecules are known. 
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The absolute weights of atoms have also been found by other 
methods and the results are in excellent agreement. The 
absolute weight of a single atom of oxygen can be determined 
with greater accuracy than the equivalent of oxygen can be 
found experimentally by a fairly experienced student of chemistry. 
Aston (1926) has found the relative masses of single atoms of 
some elements with an accuracy nearly as great as that attain- 
able by the most experienced workers on atomic weights, whose 
methods and skill exceed anything else possible in the chemical 
laboratory. 

•Molecular Weights in Solutions. 

Osmotic pressure. — The diffusion of dissolved substances shows 
that the molecules of the dissolved substance are moving about 

and colliding with liquid molecules, and as a 
result of these collisions the rate of diffusion 
is slow. If we could imagine a partition 
placed over the solution below so as to divide 
it from the water above, both water molecules 
and those of the dissolved substance would 
strike against it. Let us now suppose that 
the water molecules can pass freely through 
the partition in both directions, like flies 
through the netting around a tennis court, 
but the molecules of the dissolved substance 
cannot pass through, but strike the partition 
and are reflected back again, like the tennis 
balls. Such a partition can be realised by 
depositing a film of a slimy amorphous 
substance, copper ferrocyanide, in the walls 
- and pores of a porous pot, and is called a 
seImpe^ne^ble membrane. The dissolved sub- 
stance exerts a pressure on the semipermeable 
j . ^ membrane which is called an osmotic pressure. 

Osmotic PeiissuRE is filled with a solution, say of 

Ai PAH^kTus. sugar, and is fitted with a tight stopper and 

a manometer (Fig. 130), the pressure pro- 
duced when the pot is placed in water is measurable and is the 
O'^motic pressure of the solution. 

\ an t Hoff in 1885, on the basis of .such experiments made in 
1881 by Pleffcr, a botauisi. showed that the osmotic pressure 
exerted by a dissolved subs/aiue is eoual to the pressure which 
would be produced by the uime o.umber of molecules of a gas 
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confined in a space equal to the volume of the solution and at 
the same temperature. This is true only when the solution is 

dilute. , , ... 

The result provides a means of determining the molecular weight 

of a substance in solution. . . 

Suppose we have a solution of cane sugar m water containing 

I per cent, of sugar. At a temperature of 14 C. this ^ 

osmotic pressure of 51 cm. of mercury. Let x be the m 
weight of the sugar, then we shall have ijx gram-mo e 
100 c.c. or lolx per litre. If the sugar behaved as a gas, one 
gram-molecule in 22-4 litres at C. would exert a Pressure of 
I atm., or in i litre at C. it would exert a pressure of 22-4 atm., 

or 22*4x76 cm. of mercur>'. At 14“ C. the " p 

22*4 X 76 X f (27 2 -4- 14)/273} cm. of mercury. Since the pressure 

is proportionai^to the number of molecules in a given spac 
(Boyle’s law), the pressure due to lo/.r gram-moleculcs in a 

would be i^x 22-4 X 76x^ cm. and this will be equal to 

X ^ 273 

51 cm. From the equation : 


— X 22-4 X 76 ^ ^"5* 
X ^10 


we find, on solving for the value 35° fo'’.''''; molecular weight 

of cane sugar. The formula Cjo^^aa^ii .,nmvil 

Osmotic pressure plays an important part in p an ‘ ^ 

life. The liquid in the cells of plants contains 

stances, and outside this is a lining of ininierscd 

as a semipermeable membrane. When the te s <■ 
in a concentrated salt solution, water pasbcs roin 
solution and the protoplasm shrinks away ro .,\velN 

When placed in pure water, the latter -ntc- the cell and 

It. A solution having the same '^^''difTerent dissolved 

cell, even though the pressure is due to . equal 

substance, produces no change, and such ^ ^ ^jit 

osmotic pressures are called isotonic. In P ^ p.qied 

solution having the same osmotic pressure as le - 

^ physiological saline solution, it docs not produce an> 

on the cells of the blood corpuscles. and arc not 

Measurements of osmotic pressure are ^ ’ ^^.pinhts in 

often used in the ^elernunation of mo c 

solutions. Instead, a method which is rtall> ^ . of the 

with osmotic pressure is often used, viz. the me 
freezing point of a solution. 


P.B.C. 
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The osmotic pressure may be considered as the pressure 
which must be applied to a solution to squeeze pure water out 
through the walls of the containing semipermeable pot. The 
separation of pure water, leaving a more concentrated solution 
in the pot, therefore calls for the expenditure of work, say in 
pressing down a piston working inside the porous pot. Another 
way of separating pure water from the solution is by freezing it, 
since the ice %yhich separates (provided the solution is not too 
concentrated) is quite free from the dissolved substance, which 
remains in the solution and so makes it more concentrated 
(p. 40). The freezing of pure water may be caused by refrigera- 
ting apparatus, requiring some kind of motor to drive it, and to 
freeze the solution will require still more work to be performed 
by the motor, since the work of separating water from the solu- 
tion must be added. In other words, we should expect the 
freezing point of a solution to be lower than that of pure water, 
and this is found by experiment to be the case. 

Molectilar weights from freezing points.— Every pure liquid 
freezes at a definite temperature, called its freezing point. The 
solid melts again at the same temperature, so that the melting 
point IS the same as the freezing point. It is true that a liquid 
may often be supercooled several degrees below its freezing 
point, but if a trace of solid is added, solidification begins, when 

rises to the freezing point and remains there 
till all the liquid is frozen. 

If a substance is dissolved in the pure liquid, the freezing point 
of the latter is lowered. As we have explained, this is utilised 
in countries where winter temperatures are severe, as in Canada, 
to f>revem the freezing of water in motor car radiators : glycerin 
i> added to the water, and the solution remains liquid far below 
the teiTiper.Uure at which water would freeze. The same effect 
i- produced by adding alcohol, but this is less convenient, since 
nc alcohol is volatile and tends to escape when the liquid is 
heated up during the running of the engine. Equal weights of 
»i V alcohol dissolved m equal weights of water lower 

1C n.i-.mg point of the latter differently: the alcohol has a 
"ivcerm"’ ''''' Producing a lowering of freezing point than the 

A very important result was discovered by Raoult in 1883: 
d . ciual f ractions of the molecular weights of alcohol and glyce^ 
arc dissolved m water, the solutions freeze at the same tfmpera- 

w great number of substaSices, 

VIZ. non-eIectrolyt«. or substances which do not form conducting 
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solutions when dissolved in water. Weights of non-electrolytes 
which are in the ratio of the molecular weights, when dis- 
solved in equal weights of water, produce the same lowering oj 

■^"^Elec^d^es’ always produce an abnormally large depres- 
sion, owing to the fact that in solution they ^ 

ions, and each of the latter behaves as an independent molecu e 

^^RaSit’s discovery enables us to find the molecular '^^ights 
of many substances which cannot be volatilised 
decomposition. It is known from experiment that, for fhe saine 
substance, the depression of freezing point ts proportional to tt,e 
concentration (BUgden's law). The depression produced by 
I gram-molecule dissolved in 1000 grams of water is 
all non-electrolytes. Hence, if we find ^ 

for a solution of known concentration, we have on y « 
by proportion the number of grams of substance 
be dissolved in 1000 grams of water to produce ■ 

1-86'’ and this will be the molecular weight of the dissoUed 

substance. 

£xampl,.-o-iS 3 i gm. of hydrogen dissolved .n 

17-607 gm. of water gave a solution freezing at 


of peroxide in 1000 gm. of water — 01834 ^ 104- g 

1“ *1 



concentration, this weight will be 


10-42 X 


1-86 

o-STi 


= 33'9 ; 


/. molecular weight of hydrogen peroxide 33 9 - 

requires 34.) 

The apparatus used for ?he determinanon of ^ tlw^ freer n^ 

point of a solution is shown in Fig. 13*- . ^ ^ , ,„,,/.Yular 

of water (or other solvent, each ^inner tube. 'I'his is 

depression instead of i -86®) is contained in the freezing 

enclosed in a wider tube, which in turn IS immer.st between 

mixture in an outer jar. The object of the air jacke betwt^.n 
the two inner tubes is to make the cooling slow , s j^^aturc 

readings may be made. The liquid is stirred, an thermometer 
at which the mercury in the sensitive Beckmann s thermometer 
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^comes st^dy after falling is read off. A weighed amount 
of the substance is then introduced through the side arm in the 

inner tube, dissolved, and the process 
repeated. 

Raoult’s method does not enable us 
to find the molecular weight of the 
^Ivent, or in fact that of any pure Hquid. 
There is no very satisfactory method of 
determining the molecular weights of 
liquids : one method depends on the 
measurement of the rise in a capillary 
tube at different temperatures. Many 
liquids contain simple molecules, but 
others, such as water, are associated, i.e. 
contain clusters of simple molecules, iri 
water perhaps (H20)3. 

CoUoi^.— By e.xamining the rates at 
which dissolved substances diffuse into 
water (p. 31), Thomas Graham, whose 
work on diffusion of gases was described 
on p. 161, found in 1849 that some 
substances diffuse fairly rapidly and 
others very slowly. Salts, acids, and 
bases are rapidly-diffusing substances : 
gum, gelatin and albumin (white of etre) 
diffuse very slowly. There is a rat& 
Sharp line of demarcation : the gelatin, 
Rum and albumin diffuse very slowlv 
indeed The rapidly diffusing sub- 
stances, mostly crystalline in the solid 
were called crysUUoids by Graham. 
Gum and albumin, which form amor- 
I’hous solid masses resembling glue, were 

differences were so er« u 8'“^)- The 

justified in differentiafing lu tween 
crystalloid and the colloicN etch w th 
If we pour a solntimi r!r V' ^.Iiaractenstic properties. 

dialyser (Fig. 172) consistiin^ mdide and starch into a 
tightly over the mouth of ^ parchment paper tied 

parchment paper dipping bell-jar with the 

half an hour add chTor nf ; • v V,'. ”' 
colour, due to liberated iodini^T-rtS^Le ’ 



Fig. 131. — Beckmann’s 
Afpauatus 

FOR DETERIUtVlNC THE MoLF- 

CULAR W E«t;,IT OH A DlS^OLVtU 

Substance from the towtR 

INC OF THE l*REE21Nr. I'oj.VT 

<yy THE Solvent. 
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Fig. 13J.— GkAH.<>MS 
Dialvskr. 


through the parchment paper, but the starch is retained, since 
this would have given a blue colour with the iodine, as may be 

seen by adding chlorine water to the 

liquid in the bell-jar. /\ > ■ 

The sharp differentiation between 1^^"" 

crystalloids and colloids made by j, If 

Graham, although it is of practical ■ 

significance, has not been confirmed as 1 ! v J - ' 

a general principle. Albumin may be i 

obtained in a crystalline form, and iru^2222^^i] 
crystalline substances, such as common S 

salt, may also be prepared in the form 
of colloidal solutions by precipitation in -.lT_ JT'.J I* ^ 

Uquids (e.g.y ether) in which they do not .. ^ _j__ ’[I U 

form true solutions. The real factor 
determining whether a substance forms 

a colloidal solution or a true solution pj^ 13 ^.— Graha-m’s 
we now know to be /he size of the dis- Dialvskr. 

persed particles, as Graham suspected ; 

it is more correct to speak of the colloidal state of a substance 

than of ‘ colloidal substances.’ . . 

A common example of a colloidal solution is nii k, 
consists of innumerable ver>' small, but microsc^ically usi > e, 
droplets of fat floating in a watery liquid. Colloidal solu- 
tions all contain particles which 
arc larger than molecules, and 
often much larger, but usually 
(unlike fat globules in milk) 
the particles arc not micro- 
scopically visible. 'rhese are 
fioating about in a medium ami 
do not tend to settle at all easih. 
Colloids are for this reason some- 
times called disfHjrsed systems. 
Tobacco smoke is, tberetore, 
really a colloi<lal system, coniain- 
% . Jpg f)i\e solid })arti<les disperstd 

^ in a gas. hogs and smokes are 

Fig. 133.— Tvndall Cone, dispersed systems, the first of 

Lcoiit enteriho at the swy. py use lic|Ul<i drOpi<*tb in » 

Particles suskesuei> is a Li^vw. ^eCOnd of SOli<l |)arti<'lc*S ID a gUS. 

Some writers distinguish true colloids from sustKosious by the 
circumstance that the dispersed particles jn the ormcr 









Fig. 133. — Tvndall Cone, 

l>tfE TO THE SCATTERING OK A HF.AH OK 
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not microscopically visible. They may be recognised by making 
use of what is called the Tyndall effect, i.e., the scattering of 

^ /’A small par- 

tides (Fig. 133). The 
minute particles of 
dust (motes) seen in a 
beam of sunlight are 
rendered visible in this 
way, and they then 
appear much larger 
than they really are. 
When a strong beam 

Fig. 134. — Ultramicroscope. of light is sent through 

, a colloidal solution, 

then, on looking down on the path of the beam with a microscope 
the colloid particles, which cannot be seen at all by light trans- 
muted through the solution, become visible as bright points 
owing to their scattering effect. The 
apparatus is called an ultramicroscope 
134). The bright points usually 
have a continuous, zig-zag, tremulous 
motion called the Brownian movement, 
since it was discovered by the English 
botanist, Robert Brown, in 1827. It 
is shown only by very small particles. 

The actual paths described by a 
particle undergoing Brownian move- 
ment are shown in Fig. 135, from 
an experiment of Perrin, a French 
physicist. The light scattered hy 
colloid particles is jiolarised. 

The Brownian movement was ex- 
piamed by C. Wiener in 1S63 as 
ollows. The colloidal particle is 
hoinbardeci on all sidc.s by molecules 
01 liquid striking against it. If the 
partirle were very largo, the effect of 
this bombardment would be the same 

'll over the surface, but if the particle Fig. 135.— Paths of a 
'' Small there may be more molecules Particle executing the 
' o.i-cimg on one side of it at a fdvcii Movement. 



COLLOIDS 


179 


i 


unequal distribution of pressure shifts round and the particle 

CoVoM^rtkler at'S' 

^ Conoids are^common products of plant “'"““J “ampTcV 

solution unless heated. The structur g ^j. 

wil^ rnql^^^^^hed bct-n^^h with ;;n 

the water in the flabby mass evaporat ., 1 ^ placed m 

the gel ready, in many cases, to .^^el up -rgam « hen pl^^_^ 

water. Nature seems econom.ca f f ,,f associated 

animal kingdoms : many tissues are g . 

with colloids to form flexible gels. stability on tin- 

Many colloidal solutions depend for the. 

presence of small amounts of a thir bo made to 

colloid particles of^g are added to the 

remain dispersed unless white and )0 colloid^ stable, 

oil and vinegar, and such are called 

perhaps by forming a film over the c^^^ ^,,1^ i ,n 

protectors: protected colloids are xen , . bv anoll.er 

emulsion of butter droplets in / P^rid calcium salts, 

colloid casein (the chief constituent o oinulsion of rubber 

Rubber latex, the milky juice of the t ree is^m as 

globules protected by an alkali . t ^ ^ and proiar^ol 
crepe rubber on adding acetic acd " . 

are protected colloidal solutions of s.Kcr u.co 

e.g.^ in treatment of eye diseases. 
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Colloidal solutions of many metals may be obtained by causing 
an electric arc to pass between two wires of the metal, for example 
platinum, under water. Very minute particles of the metal are 
tom off and dispersed through the water to form a colloidal 
solution. In other cases (e.g., copper, silver, and lead) a salt of 
the metal is reduced in presence of a protective colloid. 

The surface exposed by the colloid particles is very large for 
a given weight. A cube of solid with edges i cm. in length 
exposes a surface of 6 sq. cm. When it is subdivided into eight 
cubes of edge 0*5 cm. the surface increases to 12 sq. cm., and if 
the subdivision is carried on until the parts are as small as the 
particles in colloidal solutions, the area exposed is about six and 
a half acres. These particles have diameters between i and loo 
millimicrons, a millimicron (m/x) being one millionth of a milli- 
metre. Particles larger than room/* are microscopically visible, 
and occur in suspensions ; particles smaller that im;t are not 
visible even with the ultramicroscope, and we are then in the 
region of true solutions. 


CHAPTER XI 


m 

ATOMIC HEATS. ISOMORPHISM 

Confirmation of atomic weights.— In Chapter X a method of 
findinc the multiple of the exacify determmcd equivalent of an 
element which is equal to its atomic weight has de^enU^ , 

depending on Avogadro’s law ; there are ou Those 

by which the approximate atomic weight may be found. ^ 
depend on the use of (i) atondc heab ; (2) isomorphisni , 

(3) chemical analogies ; and (4) the periodic w. ^m ivilent 

The ratio of the atomic weight of an element to its equivalent 

is called the valency : 

atomic weight 

Valency 

An element has only one atomic weight, is^i^corrc- 

than one equivalent, and to each equiva c 

law of atomic heats.-Thc uni. of 

thecalo*, is the amount of heat required to ‘ ■ 

of one gram of water through degree Cent, grack .^^^UK 

specific heat of a substance is the number o throuaii one 

rSse the temperature of one gram of the substance through 

and Petit, two French scien.isj. fj^nd t^t 

the atomic weight of a solid clement mu ip .^oroximately 

heat is almost the same for all !o niise 

equal to 6-3. This is the ^rims'of a solid element 

the temperature of the atomic weight in gr< 

through i^C., and is called the atomic 

elements : atomic heat = atomic weight x specific ea 
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The following table shows the relation : 


Element, 

Atomic weight 
A. 

specific heat 
C. 

A iomic heat 
AC. 

Copper - - . 

63 5 

0*09 

5-9 

Iron . - - - 

56 

O-II 

6*1 

Lead - - - - 

207 

0-03 

6*41 

Iodine . - - 

127 

o-d524 

6-64 

Mercury (solid) - 

200*6 

0033 

6*7 

Phosphorus (yellow) - 

31 

0*198 

6*2 

Sulphur . . - 

32 

0*175 

5*6 

Zinc - - - - 

65-5 

0*094 

6*2 


As Dulong and Petit expressed it, all atoms of solid elements 
have the same capacity for heat. Thus, if we determine the 
specific heat of a solid element and divide 6*3 by this specific 
heat, we obtain the approximate atomic weight. By comparing 
this with the exact equivalent found by chemical analysis, say 
of the chloride of the element, we find which multiple of the 
latter is equal to the exact atomic weight. 

It must be noted that certain elements of small atomic weight 
shoiv deviations from Dulong and PetiPs law. Their atomic 
heats are smaller than 6*3, those of ^carbon (i’9), boron 
(2-6) and silicon (4*8). At high temperatures, however, these 
atomic heats lend to become normal, as is seen from the 
following table : 


Elftm-nl. 

Carbon 

Boron 

Silicon 


Temperature. 

Atomic heat 

980“ 

5-6 

233* 

4-3 

232* 

5*68 


At very low temperatures the atomic heats of all elements 
become small, ami in soin-- cases very small. In the case of 
ih«- diamond the atomic hc.u I'.as vanished at the very low tem- 
perature ot I'quid hydrogcp, 'This is explained by Planck’s 
juantum ih'-'T, tp, 190). 

experim- o . made by Joule that the molecular 

of a compound ( = i , laular weight x specific heat) is 

n of the afiifi'.ic heats ' Vr elements. For example, the 

I heat of lead iodidt {'‘-U. is 0-0427. The molecular 

is :o7 (2 X 127) =4 • bonce the molecular heat is 

-• ') 27 -- 19-68. The ;.o of the atomic heats is 

V- X 0 64) = 19-69. Tlu preserve their atomic heats 

in c(jiiibin 


ft was fonn 1 

he.'it 


r-il 


atomic heats 
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As an example of the of° .‘in. 

detennmation of atomic weigh , .. -j stannic chloride, 

This forms with chlorine a yolati e liquid sta 

the vapour density of , J°Z,ecuLr weight is 

to be 132-9, hence the found that the com- 

.32-9 X 2 = 265-8. By exact analysis it is The 

pound contains in percentages ‘ chloride is 

amount of chlorine in 2^ P is approximuielv 

54-4 X 265-8-^100 = 144 ‘ 6 . „ccume’that the molecule of 

4 X 35*5 = 142*0, and hence we may _ui„rine or the formula 
stannic chloride contains four information. Now, 

is Sn,CU. To find we require addmonaj 

the specific heat of tin is o 056, ^hcevac/ analysis of 

of tin is 6-3-0-056= 113. ;^Uunt of tin com- 

the compound, however, we find that inc , ,,.o^c;4-4 = 110. 

bined with four atoms of that n9 is' the exart 

Jamu Light of tin, so that stannic chloride 
of tin {x = i) and its formula is SnLU- carefully followed 

(i\r.i?._The steps in this distinguished. 

and the approximate 2ivA exact • ^cs with beginners.) 

Failure to do this leads to frequent ■ . ^ crystalline forms, 

* Crystals.— Many solids exist m ^^.cn from 

which are different for different su s ■ q, scorned with the 

Fig. 136. The science of division of rrv.uals 

classification of these forms, and P .■ the crysul ares, 

is that into six classes or Fig. ,37- Tiu-c 

imaginary lines within the a^es at right angivsl ; 

systims are (.) the regular (three t“„glvs, and a . urd 

(2) the tetragonal (two equal axe. 8 orthorhombic (ihrie 

longer or shorter at right \ .he hexagonal (three 

unequal axes, all at h one another aiul a 

equal axes making angles of 6 o ahree axes, all imeeiual, 

axis at right angles) ; (5) “^°‘^°'^^nd one of them is 

two of which are at right x^„utuc (or atiorthir) (three 

angles to the third) ; .and (6) pyranud form ol 

each of the first four systems ^d ^^^oving in 

In a gas the molecules are J . close together and 

straight lines. In a iigutd the mo place to 

attract one another, buj *ey . .akesSdace in liquids. 1 

as we know from the diffusion vvhi , becomes slov-ir 

a liquid is cooled, the motion of the moiccu 
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and slower, and if we were to go on cooling the ma^ss we could 
imagine that the molecules would become m the end practically 
immobile. They still exert large forces on one another, so that 
when we try to alter the shape of the mass a great resisunce is 



L Recvlar. 



Ill* Ortiiorhoubic. 




prism. 



JV. Hc:<acosal. 



V. MONOCLINIC. 



Fig. 137.— Crystal Systems. 

encountered ; the whole has now of '^shape 

be described as a so/:ef. The resistance l f ig jg called 

which is encountered in stirring such a liqui ^ \ ^ become 

vi«ority: when the liquid solidifies the ^isco has 
very large. In a solid formed according to this picture 
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molccult'S are arran<'i-d in a very haphazard fashion. There is 
noihins to di>tinyui'h the mass from a lifjuid except it.s great 
vis( o>iiv. and tlu* tvpe t)f solid so frirmed is like gla>s or barley 
it i" in what i- c.illed the vitreous (glassy) state. Vitreous 
solids are amori'hoU". have no obvious cry-'tallin^’ form, and since 




‘ ;• I a -Ti-v' tor a \«t\' long 
' ^ Trg. ;r..i\l as supercooled 
■ ' 1 ■ r . .iiled “ solitU ' 

1 [ • ' ‘-I r<n k Nalt or b«'- 

" makes all ihe ilitler- 

An amorphous 
i a true .solid, or 




ISOMORPHISM 


187 


crystal, is like a brigade of infantry which has been halted m 

In 1819. the same year in 

Petit announced their law, Eilhard Muscherhch a ^tuden^of 
Oriental philology who became interested m s funda- 

occupied the chair of chemistry at Berlin, pu ^ the 

mental memoir : ‘ On the relation which exists bUueen tne 

crystalline form and chemical proportions. substances 

the identity of crystalline form among many elementary 

and on the relation of this form to the number "f 

atoms in the crystals.’ He found that 

when they were of similar composition and c I 

amount of water of crystallisation, had almost exactl> the 

crystalline form : e.g.., the two compounds . 

Na,HPO. + I 2 H 20 , disodium hydrogen phosphate, 
Na^HAsO^ + I2H20, disodium hydrogen arsenate, 

yield crystals of the same form. . jniil ir substances 

The capacity of different, but chemical > - ‘ Mu,,chcrlicli 

of cr)-stallising in the same form was tailed In M'tstnc 


Fig. 



,,g_lS0M0nPH0US Crystals oi Common 
AND Chrome Alum (rinnt> 


virr 

lam ^ 


isomorphism; substances ^ 

called isomorphous. Other examines * ^tromo alum, 

are common alum, K2SO4, Al2(^^4/3» 1 

K,SO„ Cr,(SO,),. 24HsO W.th the 

those which form similarly tlic free 

same elements or radicals. It fVmV iUbough this is 

elements shall have similar crystalline form., 

sometimes the case. . i replaced in a 

An atom of one element may, ^r^ wsomornhous element 
molecule of a compound by an atom of < 


i88 


EVERYDAY CHEMISTRY 


without changing the crystalline form. An atom of arsenic, for 
instance, may be substituted for an atom of phosphorus in 
N8^HP04 + 12H2O, producing Na2HAs04+ 12H2O, and the 
second compound is isomorphous with the first. 

The formulae of similar compounds may be deduced from their 
isomorphism : thus, from the fact that potassium selenate 
crystallises in the same form as potassium sulphate, Mitscherlich 
concluded that its formula must be K2Se04, corresponding with 
K0SO4. From its composition the atomic weight of selenium 
could then be calculated. 

Again, ferric oxide, chromic oxide, and aluminium oxide are 
isomorphous, since mineral crystals of these compounds have the 
same form. The vapour density of aluminium chloride and the 
atomic heat of aluminium correspond with the formula AICI3. 
The formula of the oxide will then be AI2O3. We therefore 
assume the formulae FcgOa for ferric oxide and CrgOs for chromic 
oxide, and from the percentage compositions of these oxides the 
atomic weights of the metals may be calculated. These are 
confirmed by the specific heats of the metals, which are 0*1096 and 
0-104, respectively. 

very important property of isomorphous substances is their 

capacity of crystallising together from 
solutions so as to form homogeneous cry- 
stals containing the isomorphous sub- 
stances in variable proportions. These 
crystals are usually known as mixed 
crystals ; another name is solid solutions. 

Thus, if chrome alum, K0SO4, 
02(804)3.241120, and ordinary' potash 
alum. K2SO,,,Al2(S04)3.24H20, which 
form deep purple and colourless 
fx'i.ihedral crystals, respectively, are 
dissolved togetlier in water and the 
soiiaion is allowed to crystallise, 
ocLihodra! crystals containing both 
alums separate, having colours varying 
Ir'-ni .1 very pale purple to deep purple 
a< cording to the amount of chrome 
lian thvv contain. 



\' ■- — OVEKCVKuWTii 
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ic rohous comj'xjun';;- c.ianot. therefore, be separated in 
' : purity by cryslaliij.:'tion, as is the case with salts of 
<litlcr ut chemical tyj t s. crystallising in different forms, such as 
potassium nitrate and sodium chloride (p. 41). 
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If an octahedral crystal of chrome alum is 
in a saturated solution of potash alum, a co our nucleus, 

of the latter salt is deposited on the violet 

^ra7r:"it:f Ka.nesi^ s^Hate. 

^r;orphous substances therefore (.) 
form ; (2) form mixed crystals ; (3) form osergro 

» The structure of crystals.-It has long 
outward definite shapes of crystals correspon w ■ 
internal arrangement of the atoms and mo ecu is 
them. Just at the shape of a house depends on the larctul 



Fic. 141.— X-R.\Y Spectra of variofs 

arrangement of the bricks or blocks of ^l0lu . ^,1 ;i 

been built according to some definite plan, t _ 'Jrraimt 

crystal seems to depend on a particular ‘ j unii>- 

ment of the atoms or molecules which form U> m 'xnlorcd 
In recent years this interior structure of cr>>ial> las 

by means of the X-rays. , .^..riou'-lv 

The waves of ordinary light are too * i;„ju passeV 

affected by the very small atoms in a crystal, an anv 

through the material of the crystal without >ulUnn. ai . 

^^WUh^'x^mys; which are of 

than the diameters of atoms (lo ® cm.), the etToc atoms in 

appreciable, and the rays are deviated by the sepa 
the crystal, or even in a powdered cr>stal. . ^ 

through, when allowed to fall on a photograjdiK p > X-rav 
definite pattern of lines or spots, corresponding ' j 

spectrum (Fig. 141). From the nature of this spectrum, an 
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Other simple information, it is possible, as Sir William Bragg and 
his son Prof. W. L. Bragg, and also Prof. P. Debye have shown, 

to calculate how the atoms in a 
crystal are arranged. They are 
built up into a lattice, or mass* 
produced pattern repeated over 
and over again ; a kind of 
molecular sky-scraper frame- 
work, each little pattern being 
called a umt cell. Fig. 142 shows 
the lattice arrangement of rock- 
salt, the chlorine and sodium 
atoms being shown : really they 
are the chlorine and sodium ions 
(p. 201). There are no mole- 
cules of NaCl as such in the 
crystal, but only these atoms 
built up into a cubical lattice. 
Fig. 143 shows the lattice of 
Iceland spar : here the calcium 
atoms (ions) and the radical CO 3 form the structural units. This 
mcihoLl of X-ray crj’stal analysis has been extensively used and 
has thrown much light on 
the internal structure of solid 
compounds. 

* The quantum theory. — The 
l}urtieleb of a crystal pr.isess 
energy. The particles ;• n- 

slraincd to liar lattice ' its 
hut perform small osrilh.iions 
about them. The cnergv of 
the partielc is like that of 
.1 vibrating sprin" or tuning 
fork, partly kineiie and ;>atiiy 
potential, and one form is 
always changing over into the 
other. Each particle has a 
definite period of vibraowu. or 
frequency, just like a small 
tuning fork. 

It is a remarkable result of 
modern research in physics that the energy of such a vibrating 
panicle carmot increase or decrease continuously, but must 



6 

0 • O 

Ca C 0 


Fig. 143. — Crystal Structure 
OF Iceland Spar. 

E\ch Caruon Atou is associated with 
iMUEE OxycF.H Atoms arkanceo syhmst- 
PJCALI.V AROHNI) IT, SO THAT TIIE CARBONATE 
HAnCAl., PRESERVES AN INDEPENDENT 

BXijiTENCE IN THE CRYSTAL. 






Fig. 142. — Arrangement of 
THE Atoms of Chlorine (black) 
AND Ato.ms of Sodium (white) in 
A SIMPLE Cubic Lattice of 
Kock-Salt. 





THE QUANTUM THEORY 


191 


always do so in whole multiples of a quanhim of enew, equal 

to the frequency of vibration muHiphcd " 

same for all particles or other systems ''h-'h jpian turn , 1 . 
trihution holds the field, and called PUack’s comunt. from I e 
originator of the quantum theory, Max Planck, the g 

German physicist (I'ig- M4^- 





I iM. ir.iif-n when the soll'l i’> coolrd down 

Now imat;inc what ha} i Wlun the p.irli<l*' 

he partide^s will g.vc out < twrgy m ,u. n u, u . U y 

lefi with only one quantum 

r w/w/e of Its energy. above the al)solute 

tergy, although the V'"\'7;;rthe uual^^w^ ts eharae- 
.ro. It is dear that the ‘‘ ^ The diamond has 

Tistic of a body the sooner this will happen. 
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lost all its quanta even at the relatively high temperature of the 
boiling point of liquid hydrogen (p. 182). The elements with 
low atomic heats absorb energy only in multiples of large 
quanta, and hence at low temperatures their atoms find it diffi- 
cult to provide themselves with energy. A bank which accepted 
deposits only in multiples of ;^i,ooo,ooo would probably not 
have such a large capital as one which took in cash or cheques 
on the usual terms. 

The conductivities of some metals for electricity also increase 
abnormally with fall in temperature, and at the temperature 
of liquid helium, about 4® absolute, the resistance of mercury, 
lead and tin has become so small that an electric current set up 
in a ring of the very cold metal by induction will go on circu- 
lating for hours once it is started. Other metals, such as 
platinum, gold, copper and iron, do not assume this supers 
conducting state at ver>' low temperatures. 

When the atomic frequency is small, the quantum is small, 
and energy may be taken up or lost almost continuously. Dulong 
and Petit’s law is then very nearly followed, even to low tempera- 
tures. This is the case with lead. At very low temperatures 
deviation.s become apparent even in these cases. 

Atoms which are tightly bound will probably have high 
frequencies, just as the frequency of the note emitted by a 
stretched wire increases as the tension of the wire is raised. 
'Fhus. high frequencies may be e.xpected in very hard solids, 
such as diamond. 

* Cohesive forces. — 'I'hr considerations just advanced may 
throw some light on the nature of those obscure forces between 
the particles of matter which are called forces of coheaon (p. 185). 
It is cohesion which keeps the molecules of liquids from flying 
oil to become a gas, and also marshals the constituent particles 
ol a crystal lattice into the ‘ strait-waistcoats ’ of the unit cells. 
In a rock-salt crystal the sodium anti chlorine particles, or ions, 
are oppositely charged with electricity, and it is known from 
( onlombs law. it it lioids at such .small distances (it seems to 
hol'l c\'cn within the atom, between the positive nucleus and the 
p'anelary electrons), that the.se charges attract one another with 
a rorcc A'.arying inver.scly as the square of the distance between 
them. To hold them om .it arm's length in the severe but 
iii.-autiful pattern 01 the lattice there must also, apparently, be 
another force, of repuislai, and calculations ba.sed on the com- 
pressibility ot cr\’stals indicate that this repulsive force varies 
mversely as the ninth or some higher power of the distance. 
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These two forces hold each other in equilibrium. This is an 
old idea, due to Boscovich in the eighteenth century o^ y 
recently worked out in detail by Born. It is doubtful if ^ con- 
veys the whole story, and in some cases an attractive force not 

due to electrical charges has beeri assumed as well. 

When a crystal is melted or dissolved the lattice fades aw y 
and ‘ leaves^ot a wrack behind.' The part.cles escape f om 
the prison cells and move about at «"dom Sudden coolmg 
may arrest this motion before the particles have had time to ge 
back to their cells : an amorphous solid 

heated for some time below the point of >'<1“ f ,he 

arrange themselves into a lattice, and P 

explanation of Annealing. 
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. VALENCY 

Valency. — Hydrogen compounds exist in which one atom of 
an element is combined with one, two, three, or four atoms of 
hydrogen : 

HCl HoO H3N H4C 

Hydrochloric acid. Water. Ammonia. Meth&ne. 

The atoms of chlorine, oxygen, nitrogen, and carbon are 
capable of uniting with one, two, three, and four atoms of 
hydrogen, respectively. None of these compounds of hydrogen 
contiiins more than one atom of an element combined with one 
atom of hydrogen, and the latter is therefore taken as the standard 
of combining capacity or vai.>ncy. The valency of an element 
is measured by the nund>er of hydrogen atoms which unite with 
one atom of that element. The above examples show that 
tLlorinc, oxygen, nitrogm, and carbon are univalent, bivalent, 
tcrvalent. an<l quadrivalent rc-Npectively. 

Since chlorine is univalent, it mav be used instead of hydrogen 
in determining the valencies of elements ; the valencies thus found 
are the same as those referred to hvdrogen, but quinquevalent 
and sexivalent elements are now included : 

CUO CI3N C],C ClsP CleW 

Chlorine Nitrogen Carbon Phosphorus Tungsten 

monoxide, trichloride, tetrachloride. pentachloride. hexachloride. 

Oxygen is bi^■alent, and if it combines with one atom of 
another element the latter (f.,g., calcium in calcium oxide, CaO) 
i.s also bivalent and will combine with two atoms of hyarogen 
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(CaHj) or chlorine (CaCy, In oxygen two addi- 

tional valencies appear. 7 and 8 , the latter being the highest 

valency known : 


Na^O 

Sodium 

monoxide. 

Phosphorus 

pentoxide. 


CaO 

Calcium 

oxide. 


SO3 

Sulphur 

trioxidc. 


AiPa 

Aluminium 

oxide. 


CIA 

Chlorine 

heptoxidc. 


CO2 

Carbon 

dioxide. 

OsO,, 

0>mium 

teiroxide 


in their highot 


hlorine is septavalent, and osmium known, 

xides. An octofluoridc of osmium, Osh,, is also Kno 
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The inactive gases argon, helium, etc., form no compounds 
with any elements, and their valency is zero. We have therefore, 
in all, eight valencies shown by various elements, viz., r, 2, 3, 

4, 5» 6, 7, and 8. , . . . , 

An element may show different valencies in its comjxiunas, 

phosphorus may have valencies of 3 and 5, sulphur may have 
valencies of 2 and 6, iron may have valencies of 2 and 3, etc. 

PHa (3) SHa (2) FeClj (2) 

PCI5 (5) SFa (6) FeQa (3) 

P2O5 (5) SO3 (6) FeaOa (3) 

The equivalent is the weight of an element which combines 
with or displaces unit weight (one atom) of hydrogen. The 
valency is the number of unit weights (atoms) of hydrogen which 
combine with one atomic weight of an element. Hence : 

Atomic weight 
Equivalent- 


Structural formulae. — The linking of atoms together to form 
compounds may be pictured by assuming that each atom has 
a number of bonds equal to its valency. These valency bonds 
are shown by lines drawn from the symbol of the atom, the 
number of bonds corresponding with the valency. Thus, 
hydrogen has one bond, oxygen has two bonds, phosphorus has 
iliree or five bonds, and so on : 



\\ hen atoms link together, a bond of one atom joins with a bond 
of another atom to form a single bond, shown by one line, and no 
free l)onds must be left over : 





H 

H— H 

H - 0 — H 

'•N 

t 

i 

H— C— H 



H 

1 

H 

0=P< Cl 
^Cl 

0 

sr 

0 

o-f 

^0 

H-Ox 

H — 0 ' "^0 
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Multivalent atoms can sometimes link with each other by 
using one or more bonds on each atom, the remaimng bonds 
being free to attach other atoms : 

H H 


H— C C— H 


H H 

Etbane. 

Such formulae as we have just been using are called 
formulae ; they are supposed to represent the way in which the 
atoms are united in the molecules. M^ern ^fSanic chem^y 
or the chemistry of carbon compounds, is almost cxclusnel) 
concerned with^the determination of the structure of mole- 
cules, and the behaviour of a carbon compound is general V 
understood more or less accurately when its structural formula 

known 

Saturated and unsaturated compounds.-In ^ 

assumed that two or more valences of an atom of an "" 

link with a corresponding number of valences of an atom ol 

the same clement : 


H H 


I. Ethane, H — C — C — H, 


single bond, or linkage, be 
tween carbon atoms. 


2. Ethylene, 


H H 
H H 


double bond, or linkage, lx- 
tween curbon atoms. 

triple bond, or linkage, be- 
tween curbon atoms. 


3. AcetylenCi H — C = C — H, 

Such double and triple bonds are often represented by dots, 
to save space in printing, thus ; 

H3C.CH3 H,C:CH2 HCiCH. 

The propriety of this mode of ^l,^j^°l)onds are 

fact that the molecules of compounds with multiple bonus 
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unsaturated, i.e.^ they can add on other atoms to form saturated 
compounds : 

+ H, +H, 

CH : CH-yCHjtCHg CHa-CHa- 

The multiple linkages therefore contain latent bonds, each 
linkage when broken giving two available bonds : 

. H, 

HC=CH ^ HC = CH -> HoC=-CH 2 -> HoC— CH, 


HgC — CHg -> H3C — CH3 (saturated). 

\/ 

Valency of radicals. — The conception of valency may be 
applied not only to the atoms of the elements, but also to the 
radicals, or groups of atoms which take part as a whole in chemi- 
cal reactions. Thus, in the hydrocarbons ethane, ethylene, 
and acetylene, we recognise the uni-, bi-, and ter-valent radicals 


\ 


— CH3 (methyl), yCH, (methylene), and -;CH, respectively. 
In the same way an inspection of the table : 

HNO, 


NaX()3 

NH^XOg 


HaSO^ 

K2SO4 

(XH 4 ).,S 04 


NagPO^ 

NaNH^HPO* 

(NHi)3P04 


H3PO4 
NaH 2 P 04 
Na 2 HP 04 

leads to the recognition of the following radicals in the 
compounds ; 

PO4, and— NH4. 


— NO3, SOj, 


(A molecule of a compouii'l, or even of an element, such as 
On, has no valency.) 

If we know the valencies of the elements and of common 
radicals, we can at once write down the formulae of all the salts 
formed from them. 

It is usually convenient to remember the formulae of a 
U-w typical compounds, from these to deduce the valencies of 
the elements or radie.il.s, and thence to write down the formula 
(it the compound required. 

Thus, if we wish to write down the formula of aluminium 
sulphate, we remember the formulae AlCl, and H2SO4. Hence 
we find that Al is terv.dcnt and SO4 bivalent : — Al<, >804. 
In order to satisfy the valencies of Al by those of SO4, we shall 
have to take 2.^1, l.e., 0 valencies, and 3SO4, also 6 valencies. 


f 
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No free.valencies must be left over. Hence aluminium sulphate 

Saturated molecules- often have the capacity of uniting with 
each other, although they cannot take up additional 
elements. Thus, hydrofluoric acid. HF, and potassium fl^o^ide, 
KF. although both are saturated compounds combine to orm 
the salt potassium hydrogen fluoride, KHFo. This salt is 
readily broken up on heating, into KF and HF, and it is usuall> 

called a molecular compound. 

The following may perhaps be adopted as a formal defimtio 


The valency of an atom or radical is measured by the n 
atoms of hydrogen or its equivalent which can combine with or be 
placed by one atom of the element or one molecule of the radical. 


I 
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ELECTROLYSIS. THE THEORY OF IONS 

Electroplating. — The tendency of metals to rust or become 
corroded on exposure to the atmosphere is often prevented by 
covering them wth a thin layer of some metal which is not easily 

attacked by air or moisture 
but which is too expensive 
to use alone. Silver plat- 
ing, and nickel plating, 
are common examples, and 
more recently plating with 
chromium has been intro- 
duced. The second metal is 
nearly always deposited by 
means of electricity, and 
hence it is said that the 
first metal is electroplated 
with the second. Copper 
is electroplated with silver, 
and iron or brass with nickel. 
Not only is the process used 
in plating one metal with 
another, but aLso for the purification of metals such as copper, 
and for the depo.sition of alloys such as brass. The simplest 
arrangement for electroplating is shown in Fig. 146. The 
ohie« t to be plated, >ay a spoon, is connected with the negative 
pole of a battery or dynamo, and a plate of silver is connected 
witli the positive pole. The two are dipped into a solution of 
a >ilvcT salt. The .silver dissolves from the plate and is deposited 
on the .spoon. In reality the silver is deposited from the silver 
in the solution and at the same time more silver dissolves 
from the .'■ilver plate to replace that deposited from the solu- 
tion. 

Electrolysis. — When an electric current is passed through 

’OO 



Fig. i.}6. — .\pp.\r.\tl;s for Electro- 

PL.\T!NG WITH SILVER. 
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acidulated water, decomposition occurs and hydrogen and 
oxygen gases are produced (p. no). The process is called 

electrolysis, the acidulated 


ELECTRODES 


ELECTROLYTE 

CATION 0 
@ ANION 


anode (+) CATHODE(-) 


Pjc 1^7. —Nomenclature of 
Electrolysis. 


water is called an electrolyte, 
and the platinum plates 
bringing the current into 
and out of the solution 
are called electrodes, the one 
connected with the positive 
pole of the battery being 
the anode and that con- 
nected with the negative 
the cathode. The current 
is carried through the solu- 
tion by atoms or radicals 
of the electrolyte, that 
deposited on the anode 
being the anion and that 
deposited on the cathode 

,..c anion 

anoefe) will be negative. <ha. - .he^-non^ ^ 

aram in Fig- i47- , , • 1 

Concentrated hydrochloric acid 
is decomposed by electrolysis into 
hydrogen, deposited at tlie cathode, 

, and chlorine, deposited at the 

^ anode, bused sodium chloride is 

decomiioscd into metallic sodium 
■ deposited on the cathode, ami 

W chlorine gas, deposited on the 

1 anode. With a so/u/ion of sodmni 

chloride the sodium first deposited 
on the cathode at once reacts with 
the water, producing a solution ot 
sodium hydroxide (caustic soda) 
and liberating hydrogen gus : 

2Na + 2H20 = 2Na0H + H.. 

«KUAI1VI1. Chlorine is again evolved at the 

anode. If red litmus solution is added it is turned ^- around 
the cathode, owing to the alkali, caustic soda, produceo, u 





Fig. 148. — Electrolysis 
OF Sodium Chloride Solu- 
tion WITH Mercury as the 
Negative Pole. 
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bleached around the anode by the chlorine liberated. The 
primary deposition of sodium at the cathode may be demon- 
strated by making the cathode consist of mercury, connected 
uith the negative platinum wire (Fig. 148), when sodium 
amalgam will be formed and very little hydrogen evolved. 

The effect of passing the current through a solution of sodium 
chloride is to cause the deposition of sodium and chlorine 
at the negative and positive poles respectively. The atoms of 
chlorine combine to form molecules of chlorine gas, which is 
evolved. The atoms of sodium at once react with the water 
present, forming caustic soda and liberating hydrogen, which 
is evolved : 

2NaCl 

Neg. pole H2 + 2NaOH-^2H20 + 2Na 2Cl->Cl2 gas Pos. pole 

The primary products of the electrolysis are sodium and 
chlorine ; the sodium reacts with the water to give hydrogen 
and caustic soda, which are secondary products. 

When a solution of copper sulphate is decomposed by a 
current there is a deposit of red metallic copper on the negative 
plate or pole (cathode), but no gas. At the positive pole (anode), 
sulphuric arid accumulates and a gas, oxygen, is evolved. In 
this case, also, a secondar)' reaction occurs. The CUSO4 is 
dfcomposeii into Cu, which is deposited as metallic copper as a 
primary product on the cathode, and the SO4 radical is deposited 
(>n the anode. Here the SO., at once reacts with water to form 
oxygen, which is evolved, and a solution of sulphuric acid : 

eCuSOj 
- ^ 

Neg. pole 2Cu 2SO4 + 2H0O— >2H2S04 + O2 Pos. pole 

.•\ .vokiiion of .sodium sulphate, on electrolysis, gives caustic 
• rda and hydro.gen gas at the cathode, and sulphuric acid and 
"Nvgen ga.s at the anode. Secondary- actions now occur at both 
i irodt-s : « 

2 Na 2 S 04 
/ ' 

:H., r- }Xa 0 PK- 4 H., 0 -f- 4 Na 2864 + 2H20^2H2S04 + O, 

Neg. pole Pos. pole 

I he protluction of acid and alkali mav be exhibited by adding 
purple litmus to the .solution of sodium sulphate and electrolysing 
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Fig. 149- 
Electroi-vsis of 
Sodium Sulphate 
Solution. 


in a U-tube with platinum electrodes (Fig. 149)- The litmus is 
turned blue by the alkali at the cathode and red by the acid at 
the anode. The hydrogen and oxygen gases 
evolved may be allowed to pass through side- 

tubes, collected and tested. 

Faraday’s laws of electrolysis.— The first 
systematic investigations of electrolysis were 
carried out by Humphry Davy and were 
continued by his pupil and assistant, 

Faraday. In 1832-33 the latter discovered 
two important laws of electrolysis. 

Faraday connected in series a number of 
cells, containing different electrolytes, with a 
battery and an instrument for measuring the 
current (Fig. 150). Suppose, for example, 
that the first cell contains water acidulated 
with sulphuric acid, the second a solution 
of copper sulphate, and the third fused 

stannous chloride (tin dichloride, SnCla). nf 

After the current has passed for a certain time, the Nolumes of 

hydrogen and oxygen liberated from the acidulated 

the wdghts of copper and tin deposited from 

copper sulphate and the fused stannous chlon ’ 

^ can be ascertained. 1 nt 

quantity of electricity 

which has passed through 

the solution is measured 

by the current strength 

multiplied by the time. 

The current strength is 

measured in amperes, and 

one ampere passing tor one 

second corresponds with 

unit quantity of electricity, 

or one coulomb. 

If the current passes 

until I gni. of hydrogen 
Fig. 150. — Diagram of Electrolytic been liberated from 

CiRCViJ. acidulated water, it 

will be found that 96.50° coulombs of gm ^ o 1 

through the cells. Thus. 96,500 coulornbs ’‘derate 
hydrogen. If this quantity of electricity P‘ ‘ ^ 

current for a long time (e.g-, o-i ampere for 965, 
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a large current for a shorter time lo amperes for 9,650 sec.) 
thei result is the same. Hence the weight of an ion deposited is pro- 
portional to the quantity of electricity which passes. T'his is Faraday’s 


First Law of Electrolysis. 

If the weights of the other ions which are deposited in the cells 
whilst 1 gm. of hydrogen is liberated in the first are determined, 
it is found that they are equivalent weights : 8 gm. of oxygen, 
35*5 g™' chlorine, 31*5 gm. of copper and 59 gm. of tin. Thus 
the weights of the different ions liberated by the same quantity of electricity 
are proportional to their chemical equivalents. This is Faraday’s Second 
Law of Electrolysis, more concisely expressed in the form that 
96,500 coulombs liberate one gram-^uivalent of amy ion in electrotysis. 

Faraday’s second law provides an obvious method of finding 
the equivalent of an element : for e.xample, the equivalents of 
copper and tin could be determined in the experiment described. 

The theory of electrolysis. — Since the ions are attracted by 
the electrodes, it is simplest to assume that they are themselves 

charged, the sign of the charge on 
an ion being opposite to that of the 
electrode towards which it moves. 
Thus, anions are negatively charged 
atoms or radicals ; cations are positively 
charged atoms or radicals. In the 
electrol)'te we may picture two 
streams of charged ions moving in 
opposite directions to the two 
electrodes (Fig. 151), and these 
constitute the current in the elec- 



Fig. 151. — Migration of Ions 
IN Electrolysis. 


trolyte ; the electricity is ferried 
across from one electrode to the 


other by the charged ions, and this current completes that 
passing through the metallic circuit outside the cell. The 
strength of the current is uniform throughout the whole circuit , 
whether the latter is all metallic, or composed of metal wires 
and electrolytes. Since the current in the electrolyte is composed 
solely of charged ion?*, the weight of the latter mo\'ing to the 
electrodes in a given time is proportional to the current 
strength. This is Faraday’s First Law. 

Faraday’s Second Law is simply explained by the assumption 
that the quantity of electricity associated with an ion is the same 


for all ions of the same valency, and is proportional to the valency. 
Thus, a univalent cation such as sodium carries one unit charge 
of positive electricity, a bivalent cation such as copper carries 
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two unit charges of positive electricity, and so on. ^ umvalent 
anion, such as chlorine, carries one unit charge of r^eptiye 
electricity which is equal in magnitude but opposite in sign to 
the charge on the univalent cations, whilst a bivalent anion such 
as the sulphuric acid radical, SO,, carries two unit negative 

^‘’¥h®:io:ifcharges carry with .hem the matter with which ^ey 
are associated. When the tons reach the 

leave them and the matter is deposited. Since the current is 

uniform throughout the circuit, the quantities of the ' 

posited must all be proportional to the amounts associated 

the same auantitv of electricity. According to the theory 

advanced above, these amounts are in the 

chemical equivalents. Thus, the same tareouhTm' 

of the ions which are proportional to the chemical equualen.,, 

^eS^’^charge on univalent 

divided up into atoms. This ^was suggested b, Ma.vell 


Stonev made an 
r this unit electrical 


UlVlViVVl Mp ^ O 

1872, with some reserve, and m 1874 y . 
approximate calculatiori of the theory was 

charge, which he called an of 

adopted by Helmholtz ^ ^ hypofhesis that 

Faraday’s law is perhaps this. If P ^ve cannot 

the elementary substances are ^ into’definitc e!e- 

avoid concluding that clearicity also ' electricity.’ The 

mentary portions, which behave like a ,rnn- unit negative 

free atom of electricity is the ..ega/we 

charge is associated with an amm whir ‘ „pe 

iron, unit positive charge with an electron is the 

electron. The hydrogen atom whic^b hasjo.t ^ ^ 

'''^convenience, the charge of an ion -P^l^rdas^ 

dots or dashes ; one dot denotes unit positive . harge. 

unit negative charge : . ci" =r!'; 

Cu++=Cu* ; S04-“ = >'f>i • 

Theorv of electrolvtic dissociation. — All experinunts on dec 

trolysis can be expiated by the simple “““"'P'"’" Vc“ 
move iad.i»nd.nU, in electrolysis. They behave as if they «cre 


P E.C. 


H 
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free, and each ion responds to the attraction of the electrodes 
ii' if the other ions were not present. If the current is switched 
otT. no visible change occurs in the solution, so that we may 
as^ume that the ions still remain free and independent of each 
other in the solution. 



II'. I. s'.'r iK .\!<i;ML.NUs 


* 


1 ... 1 '' 

.'t • n 

ill'll 
1 




^ I 
' ' j l< 

; • t in 

• :• ‘Iv.' 

• . « {] 


ir rh.i* 


i. M d thill in ihr M^luiinn of an t lcclrolvte 
ill are i>rol.«.n ii}) into ions, but the 
r; av f!r>t nuule the bold a>sum)Uion, in 
> <• ^ '.!i > '.1 a salt. .i< id. or base in dilute 

iai. -l into inns < ■( opposite charges 
V. ..r-.d n'.oving i. -v.irds the electrodes 
( •;rrent nmves with the ions : in solution 
1 .j-.'. When th«- inn> reaeh the elec- 
r-.euirali'ed. and the uneharged atoms 
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or molecules are deposited. Thus Ind" he 

is dissolved in In electrolysis, the neRative 

chloride ions arc attracted to c p j atom: 

ing it each gi^^s up ^^ch buf combine in pairs 

/M'— PI 4 . rf These cannot ixisi as su^-u, , , • 

fcrm ch'lorinc molecules, n 

positive sfxliurn ions, round the metallic 

negative charges, or clef trons ^ ^ ^ j become 

Circuit from the discharged ddondc 

neutral sodium atoms. or react with water, 

mercury, ii the cathode i> nu . a- , he electrode is of platinum, 

forming caustic soda and hydrogt . • entirely ditTerent 

The ionisation of a dlssoUrd >' ’tIius annnoniun, 

from the thermal ‘‘‘"'"‘''■l""" • ' and livdrochlorir 

chloride ^1-tmR < Y;“.r’^;;rs::h::”.n n is electrolyticaHy 

5"iKii:”'mm ^'anunonnnn and. hloride ions: 

NH,<1 NH* ■ 

Since a solution of an eU. irolyte has no diarge as a whule.^ 
algebraic sum of the < harges on the cation. 

and anions must be /• to. 

Arrhenius's th,-.,ry m'. med '1''“ 
many chemists win n it ''■•‘s p* - 

but L- whole <.f .noflern . 'f, * 

physics and < heinisiry h.*' on \ ma 

Ind more probal.l*-. * ‘ ^ 

to Dalton's alotm. ili'ory m the strut lur 

(jf modern < hemi'iry. 

Migration of the ions. I he boOiiy 

trausfr .,1 th,- ion. un.l. r the 
an eleririe fiel.l tan b- <t.-monstralcd b) 

The' U tuU. is half hlh-l with a weak 

solution of potassium nitr.ile. y 
inu a funn'-l with iIm- . a|.illary tap helow 

tht U tube.a s.,hilmn , ontainiliR p<4asMum 
permunKanute is -lowly a.lmltted. 1 he 
t^rfare^<jf sei-aration heiwe. n the .olour- 

les, li.,uid ala.v.- and ej;',/ A < urrenl is 

Utwel; .i.e platinum electnah-. The purple 



Iio. 153 

I»J MONSIHAIIUN or 
1,,.MC MiokajioN. 
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Mn04'-ions at once begin to move towards the anode, and the 
levels alter in the directions shown (Fig. 153). If the former 
levels are marked by thin strips of gummed label, the change 
is quite apparent after 10-15 niinutes. 

It appears from this experiment that the actual speed of move- 
ment of the ions in bulk through the solution is very slow. They 
experience a great resistance, and it has been calculated that the 
force required to propel i mol of potassium ions through a 
solution with a speed of i cm. per sec. would amount to one and 
a half million tons. 

* Abnormal freezing point depression of electrolytes. — It has 
been stated on p. 175 that i mol of a non-electrolyte dissolved in 
1000 gm. of water lowers the freezing point by i* 86 ®. The 
value for an electrolyte such as sodium chloride, dissociating 
into two ions, is 3*72®, i.e.^ double the value for a non-electrolyte. 
This can be explained as due to the dissociation of the NaCl 
into two ions : NaCl = Na' + Cl', each of which acts as a separate 
molecule in producing a freezing point lowering, so that the 
dcpre.ssion is twice that which would be produced by a solute 
the molecules of which do not ionise. It was to explain such 
abnormal results with electrolytes that Arrhenius put forward 
his theory of electrolytic dis.sociation. 

♦The strengths of acids. — The purest water which can be 
obtained is almost, but not quite, a non-conductor of elec- 
tricity. After allowing for the effects of traces of conducting 
impurities, a slight conductivity, due to the ions of watef itself, 
remains. 

The ions of water are the hydrogen ion, H* and the hydroxide ion, 
OH'. 

If I mol of hydrochloric acid is dissolved in water so that 
the total volume of solution is i litre, the conductivity of the 
water is increased nearly ten millionfold. 

Most acids, ba.scM and salts, such as hydrochloric acid, 
sulphuric acid, acetic acid, caustic potash, lime, common salt, 

' opper sulphate, and alum, give conducting solutions with water, 
and are electrolytes (p. 301). Pure sugar, urea, alcohol, and 
?nost organic compounds, however, do not give conducting 
solutions with water : they arc non-electrolytes. Since acids may 
be regarded as hydrogen salts, and bases as salts containing 
the hydroxide radical, OH, the results described may be sum- 
mari^vcd in the statement that nearly all salts are elecirolvtes. 

Since acids in solution owe their acidic properties to the 
hydrogen ion, their relative strengths may be compared by 
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measuring the relative ionisations m solutions contaimng 
equivalem weights of the acids m identical volumes^ The 
ionisation is most conveniently determined by t^he conductm^ 
of the solution. Since the hydrogen ion is much more mobile 
than any of the anions of acids, it carries most of the current, 
and the relative conductivities of different acids are therefore 

annroximatelv proportional to the ionisations. ... . 

Tne fiftieth (Nls°) solutions of acetic, so Phunc, and 

hvHrnrhlnrir acids and pure water are poured into lour glass 
tXs. fitted with ’platinum electrodes, as shown m Fig. 154. 

The electrodes are set at the 
same distance apart in the four 
tubes, and in series with each 
tube is a carbon-filament lamp. 

The tubes are connected m 
parallel with the lighting rnains. 

The lamps in circuit with the 
water and acetic acid remain 
dark, because the conductivity 
is so small that practically no 
current passes. The lamps con- 
nected with the hydrochloric 
and sulphuric acids light up, 
shovving that the “lotions are 

fontd°"n“»luiiom Hydrochloric and sulphuric acids are 

largely ionised m^ producing the hydrogen 

Neutra^ation.-Ac.ds are ^-bsunce.^ p 

ion in solution; HC1 = H + vt.- + OH', 

the hydroxide ion in solution : mixed a salt is formed, 

If an acid and a base in solution represented 

and the solution become neu ^ ^ . 

a^irbase'tnrsair are ionised in solution, the reaction really 

occurs between the ions ; tt 

(H- O') + (Na- -l- OH') =(Na -t-Cl ) + HoO. 

It will be seen that the anion of r^-id (CP), and^tlie cation^of 
the base (Na ). which before and after the 

take no pan in Jhe change 

Jof the the heee to form 

practically undissociated water . H 2 


i3^._C0NDUCTtVlTlES 
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This is the sole reaction with strong acids and bases, i.e.^ 
those which are practically completely ionised. Salts are nearly 
always largely ionised in solution. 

The hydrogen ions and hydroxide ions are those which possess 
the greatest mobility (p. 207). After neutralisation, therefore, 
when the rapid hydrogen and hydroxide ions have been with- 
drawn, the conductivity of the solution will be appreciably 
diminished. 

This is demonstrated by the followng experiment. A solution 
of caustic soda is poured into a rectangular glass cell fitted with 
parallel electrodes (Fig. 155). A solution of hydrochloric acid 



is carefully stratified over the alkali solution by running it from 
a pipette (m a piece of cork lloating on the alkali. The current 
is s\vii<. lu tl on and the ammeter reading noted. The current is 
< arried by the ions Xa‘, OH', H', C.d’. Now the solutions are 
.stirred. The ions H' and OH' disappear to form H2O (un-ionised) 
ajid the current is reduced, as shown by the ammeter reading. 

* Ions in solid salts. — According to the modern theor}', the charged 
of s.ilis are present as .‘=uch even in the crystals. In the 
^ chloride crystal in Fig. 142 the sodium and chlorine 

I'articles arc reallv sodium and chlorine iotis : the whole crvstal 
is cn assemblage of positive and negative ions occupying the 
L.liicc points : there are no moltcules of sodium chloride as such 
in (he crystal. Kven in solution it is now thought that the 
-sodium chUiride is practically completely ionised. The \apour 
density of sodium chloride, determined at very high temperatures, 
corresponds with the formula NaCl, so that sodium cliloride 
molecules can c.xisl in tlie form of vapour. 
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Substances such as water, 

alcohol, and many solids which d uncharged 

conducting solutions exist of ^ sodium chloride 

molecules. In the case of electrol>tes such Su/ 

the charged ions ^ They are also set free 

are already present in ^ that fused Llts also conduct 

to move when the salt is fused, so showed they obey the 
the electric current, and, as Faraday showed, tnc) o y 

laws of electrolysis. . w iter an electron 

When hydrochloric ac.d gas |orine a^om, so that a 

passes from the hydrogen ^ . „hioride ion are produced, 

positive hydrogen ion and a negative chloride ion t 

which then exist free another copper) 

One metal {e.g., zinc) electrons more readily, 

from solution when its atom tends j- i ^pon the dissolved 
i.e., to form ions. These electrons aje forced upon 

meial ions and the neutral atoms ot the secona 
deposited: Zn + Cu” = /n' +Cu. 

•Positive and negative ’compounds 

chlorine and bromine are all c innot replace one 

NaCl, KBr, NaBr and KCl, yet ^ ^ die compounds 

another in any order if the gener. 1 ( rcnlace sodium, and 

are to be maintained. ? ‘Sodium cannot replace 

bromine may replace chlorine, • reason, valencies 

chlorine, or bromine . vodium ami potassium 

are classified as positive and •, '..jdorine and bromine 

are called electro-positive j. derived from the 

are electro-negative. This atomic structure 

facts of electrolysis: the mod _ valency 

are also in agreement with n, Tin- '•amc system may 

of sodium is + the valency of the SO., 

be extended to radicals ; for ex* | > deal i i, and so on. 

radical is - 2 , that of the amnion magnitude to 

The valency of an ion (-^.t' ) is | ; ^.ji^-iirv is especially 

its charge. This method of ' 

useful in the study of oxidation ^ ^ , ,-o). thi: positive 

From the point of view of atomic stru U ^ number of 
valency of an element in its compou . ^n aativc valency is 

(negative) electrons lost by the a . j die atom. Thus, 

equal to the number of ne the potassium atom 

when potassium 7*\mnJfirred ’to the bromine atom, 

loses one electron, which is tr 
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The simplest type of oxidation reaction is that in which a 
substance combines directly with oxygen : 

C + O2 = CO2. 

The simplest type of reduction reaction is that in which oxygen 
is removed from a substance ; 

Cu0 + H2 = Cu + H20. 

When a substance combines with oxygen it gives up electrons 
to the oxygen, and since it loses negative electrons the positive 
valency of the substance oxidised is increased : 

9 H' + 

2Mg + 02 = 2Mg O. 

The valency of magnesium in MgO is + 2, that of oxygen - 2. 
The valencies in the free states (metallic magnesium ; oxygen 
gas) are taken as 2ero. 

Substances which contain atoms capable of taking up electrons 
are oxidising agents. Oxygen readily takes up electrons, and 
is an oxidising agent. When ftTrous chloride is converted into 
ferr/V chloride, the iron is oxidised, because its positive valency 
is increased from + 2 to +3, and if the change is effected by 
means of free chlorine the latter is changed from zero valency 
to valency - i (chloride ion) by taking up electrons : 

+ + - + + + - 
zFe Cl2 + Cl2 = 2Fe CI3, 

i.e.. aFe ClCl + Clj = zF^ ^cicici. 

Chlorine, therefore, in accordance with our definition, is an 
oxidising agent : in the change it becomes reduced to chloride 
ions by taking up electrons. Thus, reduction is an increase in 
tiegadve valency. A reducing agent (e.g., the ferrous chloride) 
must contain an atom capable of providing electrons. 

It is clear that, since there is no change of net charge in a 
reaction, the oxidi>ing agent must take up the electrons furnished 
by the reducing agent, and that oxidation and reduction must 
occur simultaneously. This provides a method of balancing 
equations which is sometimes convenient, and is illustrated by 
the following examples in increasing order of difficulty. 

(i) Oxidation of phosphorus. 

P ^ O2 -.-P2O5 (unbalanced). 

; 02®->20““ ; gains 4 minus charges. 

P— >P205 ; P°— ^P ; loses 5 minus charges. 
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rsn.l_>s : gains 4 ( - ) i 


be?;4!r:f ■^he o4g“ - :;:ctTon; 

by the phosphorus, hence the balanced equation is . 

4 ? + sOi = 2 ? 20 y 

(Note.-All free elements are taken of zero valency.) 

(2) Oxidation of fiydrogen sulphide. 

HjS + 02->H20 + SO. (unbalanced) ; 

Oj-^SOj ; ^ ^ ’ 

H2S->S0,;S-S loses6(-); 

• 2HjS + 302 = 2H20 + ^®°»- , , 

I,-.. 

dioxide. ^ S 0 ,->H ._0 + S (unbalanced) ; 

S ->S* loses 2( - ) ; 

[SO,l->S ; S 

• 2H,S + S02 = 2H20 + 3S- 

i .. . 1 .-. 

is negative ; in an oxide it is posii ^ potassium 

(4) The action of ^ 

iodide. HI IS firs^ se^t j + H,0 (unbalanced) ; 

%s/°“ [H^SO.HH^S ; S«---S- gains 8(-) I 

I o loses 2 ( -) ; 

; zl "Is 

8HI + H^S 04 = H2S + 4 ls + 4 ^ g2.) 

^g++++++ and S-' are denotea d> 

(5) The action of nitric acid (unbalanced) ; 

°\n-OH [HN03]"N0 ; gains3(-, 

■ • therefore 3CU and 2HNO,; but the 

The oxidation ratio is there! ore 3 ^- 


O 
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3CU++ ions require 6N03“ ions, hence 8 *=2 + 6 molecules of 
nitric acid are required : 

3CU + 8HNOg =3 Cu(N03)2 + 2NO + 4H2O. 

(6) Action of nitric acid on zinc. 


Zn + HN03^Zn(N03)2 + NgO + HgO (unbalanced) ; 
Zn^Zn(N03)2 ; Zn®->Zn++ loses 2 ( - ) ; 

HNOg^NgO ; NM-^N+ gains 4 ( - ) ; 

/. 4Zn and 2HNO3 are required, but the 4Zn++ ions require 
SNOg'ions; /. 10HNO3 are required : 

4Zn + ioHN03 = 4Zn(N03)2 + NjO + 5H2O. 

(7) Oxidation of ferrous sulphate by potassium permanganate. 

FeS04 + KMn04 + H2S04->Fe2(S04)3 + K2SO4 + MnSO. + H.O : 
2FeS04->Fe2(S04)3 ; 2Fe++->2Fe+ + + Ioses2 (-); 

KMn04->-K2S04 + MnS04 ; the K does not change in valency, 


O-^Mn— O— K 


Mn’+— >Mn 2 + gains 5 (-) ; 


ioFeS04 and 2KMn04 are required ; the Fe+^+j Mn'*"'', and 
K.+ ions will require altogether 15 + i + 2 = 18SO4 »ons, of which 
10 are provided by the ioFeS04, hence i 8 -io = 8H8S04 are 
required in addition : 

ioFeS04 + 2KMnO,i ^ 8H-.SO4 

= sFe2(S04)3 + 2MnS04 + K2S04 + 8H20. 

This method should be practised in connection with various 
equations to be met with in the rest of the book. 

^Voltaic cells. An arrangement in which chemical energy is 
converted into electrical energy is called a voltaic cell, since the 
first representative of this type of apparatus was invented by 
\ olia in 1800. The simple cell devised by Volta consists of 
a plate of zinc and one of copper immersed in dilute sulphuric 
acid. When the plates outside the liquid are joined by a wire, 
the zinc dissolves, but the hydrogen bubbles are evolved 
Iroin the copper, not from the zinc (Fig. 156). An electric 
ciiirent. recognised by its heating and magnetic effects, flows 
ihr(;uph the wire. 1 he direction of flow of positive electricity 
IS taken conventionally as the direction of the current, although 
It IS really negative electricity, in the form of electrons, which 
flows through conductors in the opposite direction (p.' 20O. 
With the usual convention the direction of the current is from the 
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copper to the zirtc outside the 

completed inside the cell, the p effected by the 

"ni 

their charges to it, and appear gaseou 
hydrogen. The discharge may be re 

gLded as due to the 
Electrons from the copper plate r hith 

neutralise the positive hydrogen ions. 

The negative charge taken from the 
copper is feplaced by a current o nega- 
tive electrons flowing along 
from -the zinc to the copper, 
opposite direction to the conventiona 
* K . ThfXsp electrons must 

positive current. > ^ dis- 

come from the zinc. the positive charges 

solves as positively ^ abstraction of electrons from 

of the latter are xhese electrons remaining m 

the zinc atoms: lo and neutralise the hydrogen 

the zinc pass along the to, an 

ions arriving at, the copper P • . j I without producing 

If the zinc had “^id w™ 

current, the hydrogen ions passed into solution jn 

in contact with the would have been evolved trom 

the ionic state, and hydrogen g neutralisation ot the 

the surface of the '^nc n the ^ .till takes 

hydrogen ions, with prod f^hyrerc left by the ionisation ol 

place on accountofth* ,he liquid_m 


Fig. 156.— The Simple 
Cell. 


If the zinc had iiave been neutralised 

current, the hydrogen ions passed into solution jn 

in contact with the >^etal would have been evolved trom 

he ionic state, and hydrogen g neutralisation ot the 

he surface of the '^nc In the ^ .till take, 

lydrogen ions, with prod f^hyrerc left by the ionisation ol 

>lace on account o the negative 

he zinc, but the liydrogcm lom ua cl ^ 

.he copper plate f^cy occur in the same plucf 

Lwo reactions "'b'ch compelled to take place at /Wi 

produce a' current. This is sometuncs callet 

the specks of these f ^ o n gas is really given off 

like copper Plate^j" ‘he cclK y j ,1,^ 
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surface. Action of this kind is called local action. If the surface 
of the zinc is amalgamated, or if very pure zinc is used, the 
impurities are removed, and the surface is uniform. The metal 
then no longer evolves hydrogen in dilute acid, since local action 
is no longer possible. If, however, the zinc is touched under 
the surface of the acid with a piece of copper or platinum wire, 
bubbles of hydrogen are at once evolved from the wire, and the 
zinc dissolves. 

The voltaic cell does not generate electricity. The electrical 
charges are present in the chemical substances used in making 
up the cell, in the form of electrons, and the electrons are added 
to, or subtracted from, atoms to form ions. Some of these ions 
\ hydrogen ions) are discharged in the cell, and other 
previously uncharged substances {e.g.y zinc) are converted into 
ions. The electrons leaving one atom and attaching themselves 
to another are driven round the outside conducting wire. All 
the electrons remain in the materials of the cell, but in new com- 
binations, and none is set free. During this transfer of elec- 
tricity, energy may be taken from the battery. 

The voltage of the Volta cell is about 0*74 ; a large number 
of these cells connected in series, i.e.^ with the zinc of one con- 
nected with the copper of the next, formed the battery used by 
Davy in 1807 for the decomposition of the alkalies: they are 
still shown at the Royal Institution in London. 

*The Daniell cell. — The Volta cell has the disadvantage that 
Its electromotive force, or voltage, rapidly decreases when 

current is taken from it. In 
another type of cell, invented 
by Daniell (1836), the voltage 
remains practically constant dur- 
ing action. This cell consists 
157) of a rod of amalga- 
united zinc immersed in dilute 
sulphuric acid, and a copper 
container holding a solution 
of coj>per sulphate. The two 
solutions are separated by a pot 
ot unglazed earthenware, which 
prevents them from mixing but 
permits the passage of ions moving from one liquid to the other. 

1 he voltage of this cell is about r-oc>. 

The action of the Daniel! cell is as follows. The zinc dis- 
solses in the dilute acid as iunc and the copper ions deposit 
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from the copper sulphate rourid the zinc, 

since the hydrogen 10 ns deSed but remain in 

through the porous Instead of hydrogen ions being 

the copper sulphate solution. which are more easily dis- 

deposited on the copper ^ coating of copper on, 

charged, give up their of copper deposited, 

the copper container^ For e e y q sulphate solu- 

an equivalent j leaving an equivalent of SO," ions 

tion, forming sulphuric ^ • sulphate with the zinc 

in the zinc compartment, ''' ' dilute sulphuric acid is 

ions given off by the zinc P ■. sulphate whilst the 

gradually converted into a dilute sulphuric acid, so 

copper sulphate solution is mr j^j^d by the equation : 

that the reaction m the cell may be represen y 

Zn + CuS04 = ZnS04 + Cu. 

or, since the two salts are ionised and the SO," ion remains 
unchanged, as : Zn + Cu — Zn +v,u. 

Thus, two 

themselves to a copper .on m solution, lorn.mfe 

of copper, which is jq the greater tendency of 

W^may regard action as due me _g^^^ 

zinc atoms to throw off ele ’ Metals may be arranged 
atoms to underp a simi h n^^-mbers of which have a 
in an electromotive senes, tn g j ^ members, and 

greater tendency to lose elec rons ,heir ions, 

can, therefore, displace the latter iru 

in the form of metals. rirhon are immersed in a 

In the dichromate cell, zinc dichromate acidified w'ith 

solution of sodium or C^Os, set free, is 

dilute sulphuric acid. ^ be enrom 
reduced by the hydrogen 

presence of sulphuric acid to potassium sulphate 

potassium dichromate has been ^ * I chromic 

simultaneously formed may fse ou ^ ^ 

sulphate in the form of violet crystals 01 ci 

K,S0,.Cr,(S0,)3-24H20. 

The Leclanchft ^eU, used for wmkmg^ 
of a zinc rod in a solution of sa - porous pot 

the positive pole consists of a carbon pia 
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packed with crushed carbon and manganese dioxide to act as 
a depolariser, i.e.y to remove by oxidation the hydrogen which 
would otherwise be deposited on the carbon plate : 

Zn + 2NH4CI = ZnCl2 + 2NH3 + Hg ; 

H 2 + 2Mn02 = Mn^Oa + HgO. 

In dry cells, the zinc forms an outer cylinder, inside which is 
the ammonium chloride and manganese dioxide, mixed with 
glycerin and gelatin, and a carbon rod in the centre. 

The cells described above are called primary cells, since 
an electric current is set up directly by the chemical changes 
occurring in them. Another type of cell is the secondary cell, 
which is first ‘ charged ’ by passing an electric current through 
it, and then in turn itself yields a current. The most important 
example of such a cell is the lead accumulator. 

*The lead acciunulator. — The accumulator (Fig. 158) consists 
of two lead gratings, one filled with finely divided lead and the 
other with a higher oxide of lead, lead dioxide, PbOg, both 


Fig. 



PbSO 




Charge 


+ 

2H 


80 ~ 


158. — Chemical Reactions in the Lead .Accumulator. 


immersed in dilute sulphuric acid. 


The acid is ionised into 


hydrogen ions (2H+) and sulphate ions (SO* ). When the 
battery is fur 7 iishing current^ the ions move to the peroxide 
plate, are deposited on it and give up their positive charge to 
it. making it the anode or positive pole of the cell. The hydrogen 
then reduces the lead peroxide to a lower oxide of lead, lead 


monoxide : 


PbO, + 2H+ = H.O 4. PbO + 2©. 


The monoxide is at once converted by the sulphuric acid into 
lead sulphate, PbSO* : 


PbO + HoSO* = PbSO* + H2O, 
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— — the transfer of charges, but occurrrng 

ions of the sulphuric acid are migrating to the 
perox.de plate, the i 5 , ions are f^ing their way to^the^.ea^ 

pb + so* =Pbso 4 + 2 e. 

Both plates therejo^ 

the^titfo’^ charg^ is easily found by. measur.ng the 
density of the solution l^y a cuTrent from a dynamo is passed 

To the accumulator d by 

through it in the opposite djte . ^.Q^j^ectcd with 

theceVf.e..thepos.t.ve (red) pojeoft^^^^^^^ 

the positive of the dynamo acid now 

the negative of the ^>'"^100. j produced from the 

pass to the cathode, and SO, ton .P 

insoluble lead sulphate, so that ^ ^ from the solution 

lead and the sulphur.c 'vh c^. ,^^ed m it : 
hythisplate^dunngd.«^^__^ 

At the same time the SO, ion of the aud P'"’® ^.^tcr. 

deposits on it m hrsoi^.o.i . 

sulphuric acid, which is rcstorca 

PbS0. + S0,- + ^H ,0 + .© = '“h 0 .^=H-^^‘'*' 

iU''cL"rgir; o/atiS^a^rultm'^n t mpt c‘l-d b/ tht 

equation: -^sPbSO, + 2H-O. 

,r 13 not o: e.eOric^^;.y .^hich is st^ m the 

^ «i SinSs 

chemical reactions .Up energy was spent outside 

primary cell. f inc ore 

the cell in the reduction of the /anc j I Darnell cell 

smelting process But so as to put 

is not conveniently reversed X , ■ accumulator is 

the cell into its initial active form, that m 
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easily reversed by an electrolytic method, with an expenditure of 
energy practically the same as that obtained in the action of the 
cell. The latter, therefore, acts as a reservoir of energy. 

The Edison accumulator consists of finely divided iron and a 
higher oxide of nickel in a solution of caustic potash. The iron 
is first converted into ferrous oxide and at the same time the 
nickel peroxide is reduced to nickel monoxide. In charging the 
cells the reactions are reversed : 

Fe + NijOa^FeO + 2NiO. 



CHAPTER XIV 

CHEMICAL EQUILIBRIUM 
IU,,ersible reactions and 

sented by equations weight of water in the form 

change is complete. When 6 -Cesium the weights of 

of steam is passed ^ ' f ^med are as given by the 

magnesium oxide and hydrogen formed are g 

equation; Mg + H 2 O = MgO + Hz- 

Hydrogen passed ovtr 

n“u“i^rgrvrrghtofwamri^^^^^^^^^^^^ 
over red-hot iron, the weights of black iro 
are not those given by the equation (p. 292 ) . 

(A) 3 Fe + 4HsO = Fe30.-t4H2, 

because, no matter how * p^Sron'undwSmVosTd and 

considerable amount of the st P ^ unchanged if the w eight 
a corresponding amount of 1 ,. ,),e equation, The 

of water used is that "L" from a hirther experi- 

explanation of this result *roco red-hot black oxide of 

ment. When hydrogen is pas j form of steam is 

iron, the oxide is reduced and water 

produced : ^ 

(ff) FC 3 O 4 + 4H2=* 3^^ ^ 

Here again it will be found that of hydrogen is 

on with the steam, so that unless a large 

used the reaction is incomplete. .. assume that both 

These resulU are ep.ly J //L, so that when 

reactions A and B take place " formed tends to reduce 

steam is passed over iron, the hy ^ , js passed over iron 

the oxide of iron again, and when hydrogen p 

221 
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oxide the steam formed tends to oxidise the iron again. In 
actual fact, if a mixture of hydrogen and steam in the correct 
proportions is passed over a heated mixture of iron and oxide 
of iron, no change at all occurs either in the gas or in the solid 
mixture : the one mixture is therefore in chemical equilibrium 
with the other. The fact that such a state is possible depends 
on the reversibility of the reaction : 

3Fe + 4H20^Fe304 + 4 H 2 , 

as denoted by the double arrows. Equilibrium is attained 
when two opposing reactions proceed with equal speeds. The 
same equilibrium state is reached by starting either with iron 
and steam or with iron oxide and hydrogen. 

If a given weight of iron is taken, and a considerable excess of 
steam passed over it, the red-hot iron will ultimately be com- 
pletely oxidised, and similarly a given weight of iron oxide will, 
when heated to redness and exposed to a current of hydrogen 
in considerably greater amount than is required by the chemical 
equation, ultimately be completely reduced. 

Dulong found that if barium sulphate is boiled with succes- 
sive quantities of potassium carbonate solution it is gradually 
completely converted into barium carbonate ; whilst barium 
carbonate, when boiled with successive quantities of potassium 
sulphate solution, is entirely transformed into barium sulphate ; 
the reaction is therefore reversible : 

BaS04 + KaCOa^BaCOa + K2SO4. 

Both BaSOj and BaCOg are commonly supposed to be 
‘ insoluble ’ ; they arc, however, very slightly soluble, and the 
reactions go on in solution. 

The examples just cited illustrate what is sometimes called 
the action of mass. 

The conception of the equilibrium state as the balance of two 
opposing reactions follows from the kinetic theor>'. A liquid 
comes into equilibrium with its vapour when as many molecules 
leap out of the liquid as return to it in a given interval. A salt 
is in equilibrium with its saturated solution when as many 
molecules break away from the solid per second as are caught 
up again, possibly in a different part of the crystal. If barium 
peroxide is heated in a closed vessel at a constant temperature, 
it decomposes into barj^ta and oxygen: 2Ba02 = 2Ba0-l-0«. 
The oxygen molecules, by collision with the bar>’ta, reproduce 
molecules of barium peroxide. The higher the pressure of the 
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S'5 ^ s 

constant at a given reproduced becomes equal 

oxygen, the rate at which peroxicl P equilibrium is 

to tL rate at which h decompose 1. A o q 

therefore set up at a definite pressure of ox ^ 

sociation pressure: more frequent, additional 

oxygen is raised, the U above 

combination takes place, is reabsorbed by the 

the dissociation f u oxvKcn is decreased, more per- 

baryta. If the . ^ Returns to it by collisions, and 

oxide decomposes, since 1 s . > g ;/ peroxide is ultimately 
if gas is continuously pumped off of oxygen.) 

decomposed. ('I'hc Bnn cssurrof oxvgen in ec,uil.- 

The experimental ^ ^ '%\iurc and not on the relative 

brium depends only on the p ‘ exposed to the 

surfaces of barium ^ Ihows that the reaction takes 

collisions of oxygen . K^.t^veen the two solids, as was 

place at the surface of 

pointed out many years ago , ^nfmassaction.’— \Vhcna 

The effect of '^ur I heated, gaseous hydro- 

mixture of hydrogen j, incomplete ; and when hy- 

gen iodide is formed, but the ° j,,„niposcd into hydrogen 

The rate of formation of molc^ 

collisions per second of hydro^u ^nd iodine mole- 

are proportional to the f^lu^ion of HI is propur- 

cules in unit volume, and ^ avoid the use of very large 

tional to the product nwlcculcs (or moh) per litre is 

numbers, the number o i and denoted by c (or some- 

used ; this is called the . . ru i — ^ etc.). 'I he rate of 

times. the symbol m square >r ^ volume is thus 

formation of HI m gX^thc coefficienL 

where h v ' hUs ^ ven by 

culesrt"C;u.fib«^^^^^ 

just the Tc\M = 

where i'is ’cliled the e.u.Ubrruns constant. 
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Tliis is an example of the law of mass action, first perceived by 
Wenzel (1777) and Berthollet (1799), but clearly stated by Guld- 
bcrg and Waage in 1867 : the rate of reaction is proportional to 
the concentration of each reacting substa?ice. It holds for gases 
and for dissolved substances. 

For the general type of reversible reaction : 

aA+dB+ ... + . . . 

the law of mass action takes the form : 

c^pc%... Ic\c% 


The law of mass action is illustrated by an experiment due to 
J. H. Gladstone (1855). Ferric chloride, FeCl3, and ammonium 
iliiocyanatc, NH^CNS, react in solution to produce ferric 
thiocyanate, Fe(CNS)3, which has a blood-red colour, and 
ammonium chloride, NH^Cl, which is colourless : 

FeClj + 3N'H4CNS?=iFe(CNS)3 - 1 - 3NH,C1. 

If excess of ferric chloride or ammonium thiocyanate is added, 
the blood-red colour deepens, since the reaction proceeds further 
from left to right, but if ammonium chloride solution is added 
the colour becomes much paler, since then the reaction proceeds 
lurther from right to left. 

Hydrolysis. —A solution of caustic soda has a ‘ soapy ' feel 
when rubbed between the fingers, and the same sensation is 
perceived to a less degree when a solution of washing soda or 
borax is u>ed. Solutions of washing soda (sodium carbonate) 
and borax (sodium borate, Xa2B407) also give a blue colour to 
red litmus or a red colour to phcnolphthalein, reactions charac- 
teristic of alkalies. The two salts are, in fact, slightly decom- 
posed by water, with the formation of some caustic soda. In 
the case of sodium carbonate, the other product of the reaction 
IS mainly .sodium bicarbonate, \aHCO3 : 

Xa^COa + HoO^^NaOH + NaHCOj. 

Sodium bicarbonate itself shows alkaline properties, though 
not so Fxnverfully as sodium carbonate. It is slightly decom- 
ix.»ed ac('ording to the equation : 


XaHCO^ HoO^NaOH + H2CO3. 

Since carbonic acid, HjCOj, is a very weak acid, the alkaline 

propcrtie.>; of the caustic soda are perceptible in the solution. 

borax IS decomposed into boric acid, a very weak acid, and 
caustic soda : ’ 


XajvB^O. -f- 7H20^2Na0H ■¥ 4H3BO3. 
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If phenolphthalcin is added to a concentrated solution of 
borax, and then acetic acid till the pink colour just disappears, 
then on diluting the solution with water the pink colour 
again, showing that the reaction is reversible. (Boric acid has 
no action on phenolphthalcin since it is a very J'eak acid 

The liberation of small amounts of caustic alkali b> the 
action of water on washing soda ^orax and. also soaps 
is of importance in washing. Although the actual amount 
increases on dilution, yet the addition of more water keeps he 
concentration of alkali from rising to a point where it could 
become harmful to fabrics or the skin. The 

soda is, however, too great to allow it to be used '^^^king 
sensitive skins, and coarse soaps, containing too much frtt 

alkali, also roughen the skin and cause pain. 

In other cases, salts when dissolved in water may y eld a d 
solutions This occurs when the acid is strong but the base 

weak, whereas in the cases studied above the 

and the acid weak. In many cases the base is insoluble and a 

clear solution of the salt cannot be obtained unless spn.e acid 

is added, since otherwise the insoluble free as < solution' 

i<; nrerinitated If a little concentrated ferric chloride solution, 

X3Ts 7ured into a beaker of boiling distiUed wa.er^a dee,> 

red solution is formed, which contains err V , 1-6) • 

free base), Fe(OH)3, in the form of a colloidal solution (p. / ) • 

FeCIj + 3H20F^Fe(OH)3 + 3HCI. 

In a solution of ferric chloride the ferric F^H)3 

which exists in the state of a colloidal solution (j/. ' ; 

very weak base practically not ionised, whilst the h>drorh one 
veiy weax oase, pi uLm the solution has an acid reaction, 
acid IS largely ionised. Hence me . ri' The 

from the presence of hydrogeri 10ns . -iTT,:,!,,] ionised 

dark colour of the solution is due to the colloidal un-iomsid 

''“xhe^ decomposition of a salt by water with production of 
free acid an^basc is called liydro|ysis, and ‘he reactions s udicd 
in this paragraph are examples of hydrolysis ^he alt is said o 
be hydroly%d\n solution, and the extent of biolysis us^al y 
metises with dilution, in accordance with the law of mass 

of volatility or insolubUity of a product of «action.-In 
manV^ses Reaction appears to go to completion, mstead of 
reaching a state of equiifbrium, Berthollet ^marked that this 
often results from some disturbance of the equilibrium state, by 
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one or more of the products of the reaction being removed from 
the sphere of action by their volatility ^ or insolubility. As soon 
as they leave the system, passing into the gaseous state, or de- 
positing as solids, they cease to exert any influence, and the 
reaction by which they are produced, being no longer opposed, 
cannot become balanced, and proceeds until the change becomes 
nearly, if not quite, complete. 

Thus, if sulphuric acid is poured over common salt, a state* 
of equilibrium is momentarily set up : 

NaCl + H2S04^NaHS04 + HCl [ . 

The hydrochloric acid, however, escapes from the liquid as a 
gas (shown by the upward-pointing arrow), the state of equili- 
brium is disturbed, and the reaction proceeds again. When the 
decomposition has reached the stage where the hydrochloric 
acid remaining is only sufficient to saturate the liquid, evolution 
of gas ceases, but if the gas is partly expelled by heating, further 
reaction occurs. Decomposition is, however, never quite 
complete. 

Il sulphuric acid is added to barium chloride solution, double 
decomposition ensues and a state of equilibrium is momentarily 
setup: BaCU-*-H2S04^2HCl + BaS04;. The barium sul- 
phaie, being very sparingly soluble, is precipitated (shown by 
the downward-pointing arrow) ; in this way it is removed from 
the sphere of action, and the reaction proceeds again. The 
sulphate, however, is really very slightly soluble, so that when 
the amount dissolved is in equilibrium with the solid, 

Ba.S04---IlaS04 (dissd.), 

.1 .state of equilibrium is set up. The four substances are then 
m solution : 


r.aCL : h.2S04-^:HC1 + BaSOj (dissd.)^BaS 04 (ppd ). 

Dissociation. — 'I he definition of dissociation given on p. 164 
sliows that the reaction is re\ ersiblc. and hence a state of equili- 
brium may be set up. Since the products of dissociation recom- 
iiinr on cooling, it^ is necessary to adopt special methods to 
< ' inonstrate the C-xistence of dissociation, e.g., vapour density 
i-' t'Tininuiions or difiu.sion. Another method depends on 
ihe raj'ul cooling of tlie dissociated product, when the rate 
ot nrombinaiion becomes .so small that the equilibrium at the 

higher temperature has no time to readjust itself to the altered 
conditions. 
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Grove ('1847) heated a platinum wire in steam by an electric 
curreZ In contact with the hot wire, dissociation occurred 
and the products at once passed into the diluting atmosphere of 
steam, which prevented their recombination by separating them 

and by cooling them quickly. . . hiah 

Decile (1864) demonstrated the dissociation of stea g 

temperatures by means of the apparatus 

roredain ^ip^ported^axially inside was heated in^a 

furnace. Water vapour was passed through the inner t , 



CO2+O2 


Fig. i59.-L)eville’s Experiment on Dissociation. 


carbon dioxide through ;he annular ^ 

both were ^ was dt'^.’ed, and the hydrogen 

carbon dioxide, i he steal nnrous tube into the annular 

passed out ' "‘"r o.' inne'.uh?" This 

snacc Ictiv'inc most ot tnc ^ )fc ' 

method is often called effect of increasing 

•Equilibrium and speed of reason- ‘ 

the concenfra/ion of and since this applies to 

reaction which uses ha ■ of reaction 

each substance *;^hing P j^yoduct of the concentrations of the 
will be proportional to the product oj 

“S'ST, .. • ■“ '/ 

equilibrium is set up : ^ ^ /) 

SuDDOse that A and B are each initially pre.sent in a conceiv 
traS ' mol per litre In Fig. .60 the reaetton .d + B-^C + O 
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begins wth a velocity represented by OM. As the reaction 
proceeds- two things happen : 

(i) The concentrations of A and B decrease, hence the re- 
action A + B-^C+£> becomes progressively slower, as shown 
by the curve MSB. 



% B transformed 

Fig. i6o. Diagr-^m illustrating the Attainment of Equilibrium 
AND THE Action of Mass. {After Prof. Deming.) 


(ii) The substances C and D produced by the reaction at once 
begin to react so as to reproduce A and B again, at first only 
very slowly, since C and D are at first present only in small 
amounts, but as lime goes on and more and more C and D are 

mrmed, the reverse reaction increases in velocity, as represented 
by the curve OSN. 

It is assumed for the sake of simplicity that the direct and 
reverse reactions proceed with equal speeds when the products 
ot the concentrations are equal. 

After a certain time the two curves will cut at a point S. The 
direct and reverse reactions are now proceeding equally fast, 
and a state of equilibrium is reached 

With an initial mixture of C and D the reaction C + D^A + B 
comrnences wuh a velocity BN, which gradually falls off along 
e cur\e as C and D are used up. The reverse reaction 
u ^ slowly at P, its velocity increasing along 

the cuiwe BSM as A and B accumulate. The two curves cut 
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again at S, representing the same state of equilibrium as before : 
tire equilibrium state is independent of the direction in which it 

* If 'the initial concentration of A is doubled, the forward 
reaction starts off with double the velocity, at /?, and d‘minishes 
more steeply along the curve K VP. The velocity of the reverse 

reaction, however, is not changed by 

of A and is again given by the curve OVh. The ^ “ 
cut at the point K, which represents a new state of equilibrium 

and since V lies to the right of more of C “nd B 

in equilibrium, a result in accordance with the law of mass 

action It must be carefully noted that doubling the concen- 

Son of !iTfs double ;he amount of 5 

equilibrium is reached, but only increases it. In ‘he particular 

example chosen the amount increases from 50 per cent, to 

of temperature and pressure on equiUbrium.-Equili- 

brfum states are generally disturbed by alterations “f ‘e^^^ 

and pressure and new equilibrium states u “ 

of chanee is given by a very general law enunciated by Le 

Chatelie?, callfd the law of reaction: 

6num is disturbed^ a 

tends to diminish the action of the ^ 

One example is the action of mass (p. 223) . when the con 

centmtion 7a substance is increased a reaction occurs which 

Now" crsfdfr “ir:quilibrium composed of ammonia, 
nitrogen and hydrogen : 

N2+3H2^2NH3. 

combine to form ammonia, since tins i y r^rpcmiro is 

in volume (4 volumes produce r volumes). If the pressure 

decreased, ammonia decomposes. r/xartinn will 

Nnw let the temperature be increased. A reaction win 

occur "'h^h ten^s to diminish the whicr7so7s 

r «o.he^c compound ^rorm^from 

its elements with evolution of heat. If the temperature 

“TrsImV^a^t notlceThat ,h. la^ afplUs only ,0 sysUm, 

When gunpowder is heated, so far from a 
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reaction taking place which tends to lower the temperature, the 

whole mass explodes with a great resulting rise in temperature. 

Gunpowder is not a system in equilibrium, and the law does 
not apply to it. 

It is also necessary carefully to distinguish between the effect 
ol temperature on equilibrium and on velocity of reaction. Jn 
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AFFINITY AND HEAT OF REACTION 




of ammonia is vcrv >mall at the lower temperatures. Tlte 
amount of ammonia formed in equilthnum i-. however, k-. 
the higher the temperature. In practice such .i temperature 
used as leads to an appreciable velocity of formation ol ammonia 
but is vet not so high as to diminish serious y ilu- equilibrium 
yield of that substance, as, for example, in the H.iIkt prons^ 



i K.. I' :. 
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work done by these forces would reappear in some other form of 
energy when the reaction was completed, and Berthelot was of 
the opinion that the heat evolved in the reaction was a measure 
of the affinity. It was afterwards shown by Helmholtz that a 
better measure of the affinity is the utilisable energy (free energy) 
which can be obtained from a reaction, say by allowing it to 
proceed in a voltaic cell and so producing electrical energy 

energy at a constant temperature cannot be 
utilised in performing work, since every heat engine requires 
two different temperatures, a higher temperature for the boUer, 
or place where heat is taken in, and a lower one for the 
condenser, or place where heat is rejected. 

Heat energy resides in molecular motions, and at very low 
temperatures the quantum theory sets a limit to these (p. 190). 
At very low temperatures the heat set free in a reaction may be 
aken as the equivalent of the work done by the forces of attrac- 
tion, since practically no heat will reside in the substance in the 

.n?hi principle, due to Nemst, 

cmibles the equilibrium state m a given reaction to be more or 

[hem.cinnd^rv"'* importance in 


CHAPTER XV 

the periodic law and atomic structure 

TEe ponoac 

^TdottetTs bTseTon M. rel.t^on ,e<^een ...proper,., oj 

the elements and their atomic ^pgyij^rities in the atomic 

So early as .8.7, Dbberemer noticed 
weights of element ^^ich were ^chemic^ 

groups of three ;njan of the atomic weights of the 

element IS approximately the mean o 

extreme elements. ^ . 

in the following groups this ts observed . 

Cl3£S+lll7 ^8i(Br = 8o) : chlorine, bromine and iodine ; 

2 

S3i + Tei£8 ^ ^ . sulphur, selenium and tellurium. 

■ SA, observed that if the elements are arranged 

Newlands, in 1863, observe eighth clement, starting 

in the order of atom.c wejghls ^ the e^^ 

from a given one. is a ? jje called this the law of 

eighth note in an octave of music. 

octaves. 


4 B 5 C 6 N 7 O 

II Al 12 Si 13 P *4 S 

18 Cr 19 Ti 20 Mn 21 he. etc. 


I H 2 Li 3 Be 

8 F Q Na 10 Mg 

This relationship, which^s based on satisfactory, 

atomic numbers of the elem , „ docs not resemble 

as can be seen, since manganese for ^ 

phosphorus, yet Newlands f j-ward almost simultaneously 

Germany. 
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In recent years this has acquired supreme importance. 

The essence of the Periodic Law is contained in Mendeleeff ’s 
statement, that ‘ the properties of the elements are in periodic 
dependence upon their atomic weights.’ 



l-u,. Dmitri Ivanovitch AiENOELeEFF, 1334-1907. 


f he content ot the periodic law is elucidated bv forming the 
periodic table, exhibiting ail the elements arranged according 
1'* tiieir atennic weight';. 

The Periodic Table is drawn up as follows. The elements. 

with hydrogen, are first arranged in ascending order of 
ir atoinic woiglu>. In this continuous sequence it is found 
U\M .simuar. or chemically related, elements n-cur at regular 
ifi/en-u/s, so that the series is lirokcn up into a number of periods, 
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in which the properties of successive elements e^ P^'od 

recur in the same order in a later period. This is seen 

two periods : 

Li Be B C N O Ne 

similar elements then fall in '-rt.cal ^ The complete 
table is given below (for the symbols see p. 269). 
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0 

S 
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i/k 
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Wh 

37 


8 

9 


Ai« 

47 


Cs 

55 
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79 


10 
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Sr 
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46 


Sc 

21 
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81 


Ac 
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IV. 

a 
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a 
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j 
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He 
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6 

N 

0 

8 

k- 

9 

No 

10 

Si 

M 

r 

15 

s 

m 

Cl 

j; 


A 

M 

h 

22 

On 

V 

-3 

As 

33 

Cr 

^4 

SC 

34 

Mn 

35 

j-e Co Ni 
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1 

Kr 

3** 

Nb 

5* 

Mo 

Tc 

5^ 

1 

53 

Kn Kh I’d 
44 45 4'> 

Xc 

54 

7.x 
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Sn 

Tu 

/• 

rb 
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Ta 

73 
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«3 
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74 

Vo 

H 4 

Kc 

75 

65 

(H Ir rt 
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Fm 

6h 
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./3 
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91 

V 
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do™^h"rTfirmu;‘m o? th^' compound': "nhe 'etemenfs 

(E) with hydrogen and wuh oxygen . 

Ek EH. EH. EH, EH. 

EnO EO E2O3 EO2 E2O5 ^^3 


EH — 
VII vin 
E2O7 EO4 
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The inactive gases (Group O or VIII d) form no compounds and 
have zero valency. The hydrogen valency increases from i {e.g., 
in LiH) till group IV is reached, when it is 4 in CH4) and 
then diminishes from 4 to i {e.g.^ in HF). The oxygen valency, 
however, increases steadily from i to 7, and in Group VIII a it 
reaches the value 8. 

The elements in the periodic table. — The periodic table (p. 235) 
begins with hydrogen in Group I, which, with helium in Group 
VIII forms the first period. The numbers, giving the order 
of occurrence in the table, are the atomic numbers. The second 
period begins with the alkali metal lithium and contains eight 
elements, ending with the inert gas neon, which resembles 
helium. The third period begins with the alkali metal sodium 
and ends with the inert gas argon. The elements in correspond- 
ing groups {e.g., Li, Na ; C, Si ; N, P ; F, Cl ; Ne, A) resemble 
one another. A fourth period begins with the alkali metal 
potassium and proceeds normally as far as manganese, which 
is a metal but resembles chlorine in some of the com- 
pounds in whiph each element has higher valencies, e.g., KCIO4 
and KMn04 are isomorphous. After manganese we should 
expect an inert gas, but instead come three elements, iron, cobalt 
and nickel, with atomic weights very close together, taking the 
place of a single inert gas element, and forming a separate group 
(Group VIII <z) not so far represented. These three elements 
are called tranaitional elements. In the two preceding periods 
the strongly electronegative halogen element is separated from 
the strongly electropositive alkali metal by an inert gas element. 
In the luurth period manganese and copper, separated by the 
transitional elements, do not show very marked negative and 
posiii\e i'haracteristics. The fourth period proceeds until 
kr)’{)tnn, an inert gas resembling argon, is reached, and contains 
altogether eighteen elements. The whole period of 18 elements 
i.^ regarderl as forming a long period instead of two short periods 
of S elements each, as in iliose which precede it. The long 
period is divided into two series. 

Another long period begins with rubidium, is divided by the 
tran.sitional elements ruthenium, rhodium and palladium, and 
''nd< wiili xenon. There is another long period beginning with 
the alkali metal caesium, and ending with the radioactive emana- 
Mon. an inert gas element (the last element in Group VII being 

unknown). The table ends with an incomplete period containing 
radioactive elements. 
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If the atomic weights are inserted, it is found that argon and 
potassium, and tellurium and iodine, are in the wrong order : 

“ St.- . - ' ^ \t ^ t .A 
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an anomaly, which has been explained by the disroverv' (p. 245) 
that mo>t elements are mixtures of isotopes with different atomic 
wcitihis. Some paps in Mendeleeff'.s oripinal table were filled 
by i kments later discovered, I’.g.. a vacant space in Group VII 
by the element rhenium (Ke), di>euvered in 1925 by Noddack. 


>. an<l since found in ores of 
It '‘I < iroup 

|‘<''>iiion <-i tin- elements of the 
nieiits (indudinp one missinp 
hev rex'inble one another \erv 
..nn<>t. tlu relore. be placed in 
in "lie pi. n r in the table, as 
.1 newly tlisrovered clement, 
b I’ was di^c^)vered bv 



ATOMIC VOLUME CURVE 


239 


Coster and Hevesy in 1923 in zirconium minerals. It will be 
seen that nearly all the places have been filled and that only one 
or two elements remain to be discovered (see p. 245)- 

Atomic volume curve. — The periodicity in properties of the 
elements is strikingly shown in the atomic volume curve (Fig. 164). 
due to Lothar Meyer, in which atomic volumes (volumes in 
c.c. occupied by the atomic weight in grams = at. wt. divided by 
density) are plotted against the atomic numbers, i.e. the ordina 
numbers of the elements in the periodic table on p. 235. 

The atomic volumes rise and fall in a periodic manner, 
following the periodic table. The alkali metals, the atoms of 
which are unusually bulky, arc at the peaks of the curve. 


Neofitive Cathode Ha<js 


Positive 



+ Anode Cathode 

Fic. 166.— Electric Discharge in a Gas at Low Pressure. 

UtiUtv of the periodic Uble.— The periodic table has several 
advantages over any other sy^tcm which has been proposed for 

the classification of the elements : , 

1. It enables the elements to be classified in a \cr> s mple 
manner, since only the atomic weights arc reepured in order to 

place the elements in the table. . j r 1 

2. It includes in itself some previous methods of classifualion, 

such as that according to valency. .. i 

3. It enables the atomic weight of an element to be , 

since if the wrong multiple of the equivalent had been taken, 
there would have been no place in the table ‘ 

Mcndcleef was able to correct several atomic weights in t 

4. The existence of empty spaces m the table 

to undiscovered elements, and also, from the pos 
table enables the properties of these elements to be 
MendcldeflF in this way predicted the existence of Uvo or three 
elements which were afterwards discovered and found to hast 

the properties he predicted for them. 

5 The periodic table is closely related to much of our new 
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formation on the structure of the atom and has proved of great 
r\icc in this field. It is undoubtedly based on a fundamental 
relating to the building up of atoms from their simpler 
iimate components, common to all atoms. 

Isotopes. -It an anode and cathode (p. 201) are sealed into a 
-iss tube, and the air Dumned out. it i< fVmnrl ihnf At Ut.- 


H:. I' W. Aston* 


a l)lue glow [)ro. . - r 

tluorescetice wIup 

riii.s blue glow, (.d:; 
'I‘h(»mson to consist - 
mass 1 1845 that of : 
'pt'cds. d'hey were fort 
and with different ga>es i 
rj common constilumt of r 


’ I Mnur ) 

'p' t.ithod(% producing a green 
l a uail.s of the tube (Fig. 16O). 
'-'n-.i.. rays, was shown by vSir J. J. 
; ' e.'.tivf electrons, oacli having a 
atom, moving with high 
lei irodes of different materials 
' '■ ;‘»e and therefore appear to be 
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Goldstein and also Thomson detected in the cathode ray tube, 
besides free electrons, positive rays (formerly called canal rays, 
because they pass backwards through small apertures in the 
metal cathode), but none with a mass smaller than that of a 
hydrogen atom. The positively charged hydrogen atom is the pro- 
ton (p. 205). An improved apparatus devised by A>ton is show n 
in Fig. 168. Positive rays produced by an electrical discharge in 
the gas in the bulb B pass through the perforated cathode r{the 
anode is A) and then through slits .S'j, S.^. The rays then pass 
through the electric field ot a plate condenser, Ji, by \shKh 
they arc deflected downwards, and a fairly narrow pencil gocsj 
through a diaphragm (not shown) near the stopcock /. The 
rays then go through a magnetic field at right angles to the 





Fig. 168. — Aston's Positive Ray Atparatus. 


electric field and to the plane of the paper at .1/ (a section of a 
magnet pole), so arranged that the downward deliection due to 
the electric field is compensated. They then reach a focus on ilte 
photographic plate (Tin the camera , producing a line whicl 
can be developed. A low pressure is main.amecl in .he par. nl 
the apparatus to the left of the hull, by means of pumps ant the 
charcoal bulbs, Jy and /j, cooled in l.tiuid atr. D ’ 

which protects the opposite side ol the glass bulb 
melted by the intense beam of cathode rays emitted '’> • 

The rays corresponding with particles having fi.xed values of 
massl^jJge («/e) |.rodurc a line on the photograpluc pi, te 
re.sembling a spectrum line, hence the whole apparatus is tailed 
a spectrograph, the set of lines being called a spectrum. 
Fr^ this spectrum it is possible to calculate the values of 
for the particles, and hence (if the charges are know, to com- 
pare the masses of various particles forming t e post ive ys. 

A set of mass spectra is shown in I-ig. 169. 

As a result it is found that many common elements contain 
atoms of different masses. In the case of chlorine, for example, 
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there IS no line corresponding with the chemical atomic weight 
35-5, but two lines corresponding with masses 35 and 37 (to- 
gether with lines 36 and 38, corresponding with the two hydrogen 


MG. Mim 
The lines additional to 

art* due to 


tra (Aston, iq'i). 

i' jtopes of the elements indicated 
; the di.scharee tube. 


chlorides). Ordinary chi- 
of chlorine, its mean atom: . 
tion in the atomic weight < : 


■' a mixture of the two ^•arieties 
• ■ ri hemg 35-5. Since no varia- 
1 ioiine has been found, the two 
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■varieties must always be found nux.-d in the \ 

varieties of an clement are called isotopes p. i-’O) • ordiiu.r.^ 
chlorine is a mixture of llie two isotopes ol ( hlonne of ma-.^ 
and 37. Manv other elements besides chlorine art 1 ^ 

mixtmes of isotoiies. c carbon of i-otopes of masses 1 . a 
nitrogen of isotopes 14 and 15. oxygen ot isotopes lO. 1 , . n 1 . 





potassium of isotopes 30. -fo and 4 ‘ii,,,, , ^V,/, < /// 

the Greek rsos. eciual. and pla. < > < 1 « n ^ ^ ^ 

/Ae periof/u table may eonliim t-ro Jifnrl I lui''. 

gether what 7 vai formerly ..j- 

the place occupied l>y <hl-rine iiu lu<le^ Ha tuo 1 

chlorine, 35 and 37 - ..rdmarv Indrogeii 

Hydrogen also conta ns j,; ,, ..r deuterium of 

of mass I and the so-called h(..\> ln<ln'g.n 
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nia>s 2. disrovercd in by Urey. Brickwedde and 

Murphy, and denoted by the symbol D. Ordinary water 

contains about i part 
in 6000 of the oxide 
of deuterium, DjO, or 
‘heavy water,’ which 
can be isolated in the 
pure state. Deuterium 
oxide has a density of 
ft, freezes at + 3-8’ 
and boils at 101-4®. A 
third isotope of hydro- 
Kcn, of mass 3 (tritium), 
is produced artificiallv 
by the collision of deu- 
terium nuclei (p. 256). 
Although the chemical 
and physical properties 
•"‘f all the other iso- 
topic elements arc so 
nearly alike that the ele- 
ments can scarcely be 
separated into their iso- 



• X-H\V Spf, iKA (Most-lev) 

A l<A\S 


topes bv ordinary phy‘<i- 

■ '7 i^l ..K'uns il„. properties of hydrogen and 

• r '•u Ilifnt r t.. Jl. c. * • ^ 


A •r 

' 'i"'ntlv t-i allow ot separation, say by 

o| luiulamental importance 
hv .\l<-elrv. workinpr in Manchester 
'•nloriunately killed av (iallipoli 
' w-t'k Was based on the discovery 
' a. h >olid clement, when Ijom- 
'■ 1 vaeuum tube emits X-ravs of 

"1 that element. These 


Atomic numbers. .\ 

"• ' ' ■ t. t ; I } 

and t M ....i,...- 

in tile (i|, IP 

I'V Ikirkla ,md bv 1;, 
h-irded byiathoii-'- r.i'. •> 
deliniic ua\e • *' 

r.iV' may be relr.i. > ; 

lor ordin.irv 
a >peetrum. In' i),o 
‘■an be f<nmd. Thf 
lerm-th pdves the fn-,::;,:- 
l;'d. but one type, tlu- - • 
lines ('really consi.stiim- 
tof^ethi-r), as shown in ! 
placed apjiroximatelv in ; 


■r,. 


f J » 


acting like dilTraction prat 
I ' nee may be separated into 
-y.ivc-lenpths of the X-ravs 
• iL;hl duiiled by the wa\‘e- 
•■aiU' types of rays are emit- 
K rays, appeared to give two 
: .ir-' ot two lines, ver\' close 
71. In thi>. the spectra are 
part.N representing the .same 
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angle of refraction by the crystal being in same vertical line 
In 1914 Moseley showed that the square roots “f ‘>'e k- rtquenae. 
when plotted against the atomic numbers i.e. md ma 

numbers of the positions of the elements m the periodic tabic 
(P 235) give straight lines. He suggested that 
^LmbtrheqVal to the positive charge on the nucleus of the atom. 

>.bi. » « ««<i 

have atomic numbers ot 3- anu 53-. „...irThis dI u-o iluni 

their chemical properties, whilst their ^ "*■*;; n ixtures of 

atomic numbers dincrinji i>> unii) flithr liv two, 

between them, whilst if >>'v- ‘domw nuniber.s^di.U.rJ^w , 
another element must come m eartli< had the 

lutecium, '“1 it known ‘element of higher 

atomic number ,1, wniisi mmiln'r ii. An un- 

atomic weight, tantalum, had tea lluTcVore, com. 

known element of atomic nui .... j " '.^ouglU for and dis- 
belwccn lutecium and tantalum. jmhe element hafnium, 

covered by Coster and Hevesv m i >3 . elements wiihin the 

It was found in this way that V 

structure of the periodic table arc -i • j g< ner.iliv 

The structure of the atom.-I)ahon and clunmi^^ . 

throughout the nineteenth centur> r 1; j ;,|1 ihc aiom> 

of minute, hard billiard ball, ''v of d. r lon 

of a given element being esartly ul ke ' p,-„ui in 

topes disproved ‘I’v , re 'formed from a single 

1815 suggested that ‘*'1 , suspected that the chetmc.il 

material, hydrogen, (he tn^l. i,.r nirts though what these 

atoms might be tlivis.hle .n|o T tie ’dio one k.tew, 

parts were or how the v>'>™ p, .gys, and the 

With the discovery of radium b> . . Kullierford and 

investigation 1 ,rin/ihe mner structure of the 

others, the pcissibility ol exploring 

atom was realised. ..nirtnro is due mainlv to Lord 
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a very small positively charged nucleus, outside which, and at a 
considerable distance from it. is a negative electron wiiich 
neutralises the opposite charge of the nucleus. 'I'he nucleus of 
the hydrogen atom is the proton (p. A still simpler atom 



t 1 


‘ I ! .irti' ir. < allr<} th<* neutron^of the* 

■ - » ' •• l)\', u . . - • • ... 


. I 

I 


I 


Hi tl., 


.. r 


• i 


i.:i 


X • f 

i k k 


r i 1 1 I ^ 4 I 

. ' a I « i* I . 


{ I 


.1 

nr 


» • 


-'•i:;--. w:-. 

Ih- 1 


line 

i la- tiucici «)t atorn> hea\ ier than 
" " •• •"!■• up i-f pr'>t(Ui> iind ncutriuis ; 
'' ' ‘ bi<' ('Ihir*;!' of the 

1U-- .■;.,:uir numln-r. and tlie >um of 
'-'-rr. 'U.-nd' with ihr atomic mass. 

• ■ ' J r- 'r.s .1-. thi rr aro protons in 

■ ilif s.ina- at.-mir number, their 
• ' ■ I 'T' !.ut <litii rent numbers of 

• •.‘■uc..- tr.ar.l'fr 17. has 17 protons 

'• ,>5 ha>. tliereforo. iS 
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neutrons in its nucleus (17 + 18 = 35), whilst that of mass 37 has 


20 neutrons. , , 

According to Rutherford’s theor>', the outer electrons revolve 

about the nucleus of the atom like planets round the central sun. 
Bohr (1Q13) supposed that each electron revolves in its orbit 
without loss of energy by radiation, but in passing from one 
orbit to another a quantum of energy (p. 190) is emitted, corre- 
sponding with a definite spectrum line. In this way the origin ot 
spectra is explained and a knowledge of atomic structure may be 


obtained from spectra. • 

The atom next to hydrogen, helium, is supposed to ‘J 

nucleus of mass 4 and charge 2, composed of two protons e nd 
two neutrons. Around this nucleus revolve two electrons. Aston 
says : “ if in the atom of helium we take the nucleus as repc 
sented by a rather large pea, its planetary- 
represented as two rather smaller peas revolving ^ 
distance of a quarter of a mile.” In stil heavier 
electrons of the helium atom are retained m an 
to the nucleus, and successive atoms in the periodic uhk ma> be 

supposed to be constituted as follows. 

The positive charge of the nucleus increases b\ unit lor cacn 

successive step in atomic number. 1 he ^ 

creases, usually by more than i unit, b> a i o 1 . 

neutrons. The mass is the total number o pro md the 

the atomic number is the sum of the number of ‘ 

total number of outer electrons is also 

number. The structures of the atoms from h>drogcn to luun 
can then be represented as follows : 


jV/as5 of 
nucleus. 


Atomic number 
= cliarfie on Electrons. 

nucleus. 


H 

He 

Li 

Be 

B 

C 

N 

O 

F 

Ne 


1 

4 

7 

9 

11 

12 
14 

lO 

19 

20 


1 
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4 

5 
0 

7 

8 

9 

10 


1 

2 

2 + I 
2+2 
2+3 

2+4 

2 - 3 
2+0 
2+7 
2+8 


When a 2-electron shell is completed 
begins to be formed, containing from 


new shell 
lithium to 
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S eli < irons in neon 'I'he structures of the next period of atoms 
higher than nerm (p. 235) is a repetition of this, a new shell of 
<S elci trons being completed with the next inert gas, argon. The 
outer >he]b of inert gases contain 8 electrons, and this stable 
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Periods 4 and 5 


THE OCTET THEORY 
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contain i8 elements S^nce \he omorrhclU of krypton 

i8 electrons are completed. ^ be completed 

and xenon each contain 8 el " Qj-iginal outer >hcU of 8 
sheUs of 8 + lo electrons below them, tne ong 
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Fig. 174- 

STRUCTURE or ATOMS ON THE OCTET ThEORV. 



thus expanding to i8. 
gases are, therefore : 


The electronic configurations of the inert 


He 

Ne 

A 

Kr 

Xc 

Em 


2+8 
2 -f 8 + 8 
2 4 - 8 1 8 

» 4 K -f 1 8 
8 + i8 


2 -r 


T 8 

^ i8 + 8 

_ ^2 -r 1 8 + 8 



Fig. 175- 
Water Molecule 


• I i/v thi* missinff element 85. contain> 32 

Period 6, if we .^^lded in suc^cs^ion m passmg 

" ISSSHrfSS 

' ...ul the ck/c'' group expands Iroin 
V lU at the sa'ine time a new 

::ir'groupofhisln;i;-'|-'™-Vhe 

inner Kroup expanding 

ihp nuclei of the atoms ot the 

arrangement of . on page 250. All elements 

dements is shown ^ ^ j croups of electrons (2, 8. 18 or 32) 
having the same complettd R * j tbe vertical columns 

arc sUn in the sanu- ^^^'^^ber of electrons in the 

including elements with ^be top. 'I'he electronic 

incomplete outer groups, shm n at 

arrangements arc read o Fe 2 + 8 + 1 4 + 2 

O 2+6 2+ ■„.,„-,d of the group 2 +8 +8 + 3 

When scandium is reac hed 1^ s to 2 + 8 + 9 and 2 elec- • 

being formed, the ^ c;^.' • these two electrons and 

trons form an outer shell. be ion has the same 

one from the inner groui^ are lost, so 
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outer structure as argon, 2+8 + 8. The upper limits of co- 
valencies (see below) 8, 6 and 4 are marked by heavy horizontal 
lines. 
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The electronic theory of valency, — A lithium atom reacts with 
a fluorine atom to form ions by the transfer of the outer electron 
of the lithium to the >hell of 7 electrons of the fluorine. The 
lithium ion ha- tin- •‘leciron pair of the helium atom as outer 
shell, wliilst tlte tluorit\e ion has an octet of electrons like neon. 
Owing tf) the tranTer. the charges of the ions arise: Li^ F" 

I lie change is f:i>ily \ isiialised from Fig. 174. The chlorine 
atom has an inner octet (the neon structure) and 7 outer elec- 
.".1". ()n rcai'tion wuli a ^Oflium atom, with an inner completed 
'• '.I t and I outer ch i tron. the sodium loses i electron and the 
• uOrine g.iins i ek‘ irun. the ions Na+ and Cl" being formed, 
e.u'li with the comple’e external octet of argon. In such com- 
pounds as l i^*' and Xa'^Cl' there is no true valency bond 
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between the ions, these ^ ions are free, 

the lattice (Fig. 142 . P- ordumry single 

Lewis assumes that in J . , is shared in common 

valency bond (co-valency) a atoms complete an 

by two aiotns. In molecule is formed 

octet of electrons. The hydrogen atoms each 

oxygen atom with 6 electro s. < ^ter is surrounded by 

with I electron, and ‘^e oJ'^g ^ molecule of chlorine 

8 electrons (Fig. i/j)- 






Fio. ,7„-roRMA..0S on CARBON 

PIOMUF-. 

-u vvith T elecirons. may be 
from two atoms of an edge, this edge having 

represented by two cubes joined n j If 

the electronic formula corropondm,, 

"'xSmbie bond 

from each atom. Fig. 17 b- . 

;; o . . r . O : the double bondh m 
from ;C: + 2:0: — :0 - 

each having four electrons. • j to form a covalent link 

When the pair of dcclro"" ^ ^ ^ ,,rovided by, and 

comes from the same atom ‘U- ‘ co-ordinate link is formed, 

equally shared between, rcntly saiuraU-d mole- 

Co-ordinale links formed ^n previously called 

cules add on other Jt^ron has t elerlrnns m the outer 

* molecular compounds. Huorine atoms, forming 

shell and can share ,,nron is surrounded by 

saturated compound 1>1 3> 
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The rc>ulting 


6 electrons. Nitrogen has 5 outer electrons and shares 3 with 
three hydrogens forming ammonia, N'Hg, with an outer octet. 
Of this octet, 2 electrons form a /ofie pair^ i.e. are unshared. 
This pair may be donated to the boron atom in BFg, raising the 
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For this reason ammonia adds to many 

what are called co-ordination compounds, e.g. Lo(N J 

^umb” of groups co-ordinated with the metal atom .s usually 4 

lS5SrSS-£,ilSe 

?iH=£sS:S3H= 



Curie then found that some 

active as pure uranium, and ii p Mmc. Cunc. 

active substance was conlirmet i i.itchblende. two a( tivc 

who isolated from the uranium uriinium. 

bodies, one over a 

which were called polonium (after Mnu. 

and radium. ^ _ ch^i inres particularly by 

Investigations of radioactn ' . ' iq the emission 

Rutherford, showed that their prop ^ a-rays, the ( 3 -rays 
from them of three different kinds of rays, the a r. > , 

and the y-rays. • • i., r^harred helium atoms, 

The Irays are doubly-pos.m-e^y ^charged^^^^^. 

i.e. helium nuclei (p. 247) of ^he air. knocking out 

ing their way through the a _ . : air a conductor 

some of their electrons and so ‘ j. gold-leaf elcctro- 
of electricity and causing the discharge ot ho* 
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scope. This property of imparting conductivity to gases is 
called ionisation. 

When an a-particle collides with a phosphorescent screen of 
zinc sulphide, it causes the emission of a flash of light. These 
flashes may be counted and so the number of a-particles counted, 
and from this the number of molecules in i c.c. of helium is found, 
as previously explained (p. 170). This apparatus is called a 
spinthariscope. The a-rays also affect a photographic plate. 

The positive charge of the a-particles is shown by their deflec- 
tion in a magnetic field. 

The p-rays are free electrons shot off with great velocity, 
ionising air, affecting a photographic plate, and suffering deflec- 
tion in a magnetic field in the opposite direction to a-rays (Fig. 
178). On account of their small size and great velocity, the 
fi-rays can pass through sheets of metal. 

The y-rays are not corpuscular, but are X-rays of very small 
wave-length. They are not deflected by a magnetic field, but 
they ionise air by shaking the electrons out of atoms, they affect 
a photographic plate and are very penetrating, passing through 
some inches of lead. 


Radium, thorium and a third radioactive element, actinium, 
but not uranium, have the property of emitting radioactive 
gases, formerly called the emanations but now named radon, 
thoron and actinon. '1 hese gases can be liquefied by dipping 
the tubes containing them into liquid air, they diffuse like 
ordinary gases, and refuse to enter into any chemical reactions, 
so that they belong to the inert gas group (p. 398). They differ 
from ordinary gases in being radioactive, emitting a-particles, 
but rapidly lose their activity, radon losing half its initial 
activity m tour days, liioron in less than half a minute, and 
actinon m a few seconds. I he spontaneous production of helium 
from radium emanation was proved by Ramsay. 

Rutherford and Soddy (1003) explained radioactive changes 
l.>y assuming that atoms of radioactive elements may spontan- 
eously break up, emitting very swift a- and |3-rays carrying large 
amounts of energy. In the ca.se of radium, thorium and actinium, 
the first change is the emission of an a-parlicle and the produc- 
tion of a gaseous emanation. This emanation in turn emits an 
a-partirle and forms a radioactive solid, which also breaks down. 
In the case of radium live a-particles are emitted in all, and 
me mid inactive product thus has the atomic weight 

" 4 ^ ' ^ f “ corresponds with an isotope of lead. 

Ihe final product from thorium has an atomic weight of 
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232 - 6 X 4 = 208, corresponding with another isotope of lead (see 

integrated IS called the /W///V . disintegration product ot 

second to thousands of >e s in the manufac- 

thonum, called Lnazite (p. 43)- ^ dts- 

^ly, h.a^ if -tiiZ 

for watch dials. throuiih nitrogen 

Artificial ^adioacti7^ty.-^^ hen are sop- 
or aluminium, protons of heavier element. The 

posed to come from ^ .„d the chemical symbol, 

nucleus of an atom may be nuclear charge bv a lower 

the mass by an upper "'d" 'f ,Ln scents to 

index; the above change ( Ruth. r ora i) ;; 
involve the formation of an isotope ol o. 

i}N+.jHe = ’;0-(-!H. 

In the bombardment of beryllium with a-particles, neu 
(J«, mass I, charge o) are emitted : 

“Be -t-5He = VC + i«- 

In the bombardment of 'vlu-n umloved from the ray> 

occurs in uvo stages, smee the meulul^^^^ 

shows radioactive properties \n 1 * fliere is first pro- 
positive electrons ('►/, charge + ^ di>soIved and co- 

duced an isotope of L^ic acid) and the neutron. I he 

precipitated with ordinary phosp electron, and lonns an 

phosphorus is radioactive, emi s c p ■ 
isotope of silicon ; 

‘f>l-i- 5 He = ?'iP + a"- 
?Sp =?5si-r\V. 

High speed protons, neutrons and dcutcrons^^^^^^^ 

gen ntlclei) also bring about artificial^^^.^^ 

atoms which they bombard , f ^ liy the collision of 

on sodium, radioactive sodium is prepared. ) 
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deuterium nuclei, the heavier isotope of hydrogen tritium, or 
T, of mass, 3 is formed : 

In some cases, it is seen, the bombarding particle enters the 
nucleus of the struck particle so that elements are synthesised 
as well as disintegrated. This can take place when neutrons 
enter the uranium nucleus ; the resulting particle then emits 
two /S-rays and forms two elements with atomic numbers 239 
and 240, higher than the atomic number of any natural element. 
When the uranium isotope of mass 235, present in small amount 
in natural uranium, is bombarded with slow neutrons, the 
resulting nucleus tends to split into two nearly equal parts, with 
great emission of energy. The process also emits neutrons, so 
that in certain circumstances it can become explosive. This is 
the principle of the atomic bomb. 


t 




questions 

PART / 

INTRODUCTORY AND THEORETICAL 

1. Describe the ol\wo solids. 

is applicable and ( 2 ) give one lUustratiNC . V [Madras S.L.] 

which the method is applicable. ^ nescril>e experiments 

2. What do you understand by an c erne w hether it is an 

with (fl) carbon, (6) chalk. <.o determine [Canib. Local jun ] 

clement or not. 1 ,.^^.^ ^lonc or seen 

3. Describe two Tiic change of an element mto 

illustrating each of If a compound into its elements, 

a compound. (6) The decomposition of a I p , 

«..i,i rletermiiic the volume of 

4. Explain in detail ^“„,ppraturc and pressure, which is 

oxygen, measured at standard , R ^ ^^tory temperature, 
dissolved by one litre of water at the [Madras S-L-l 

1 1 ^n-,r-,te the ingredients in each of the 

5. Describe how you ingredients which help you m 

following, noting the of about equal volumes o 

separating them : (n) A (t) A liquid containing abou 

hydrogen, oxygen and ^ mixture of about equa 

equal quantities of alcohol and water, t ) [M.idras S.L.] 

quantities of common salt and nitre. ^ ^ c. 

6. Sketch the apparatus you out rvhc.her the 

of pure water from sea water. Ho j \„pcrsaturaled solution 

water so obtained is pure or not ? Lxp^n reference 

and ' water of crystallisation, and - [joint Matric. Board.] 

to one example of each. . you find if 

7. A sample of St' and 'how- would you obtain a 

the water contained any dissolved sal , U.P.] 

sample of pure water from it . crvslalltsatiou and (6) 

8. Give two examples of the j 

dislillalion in the preparation of pure . 

257 



EVERYDAY CHEMISTRY 


258 


9 . What is meant by (a) a saturated solution, (b) a supersaturated 
solution ? One hundred grams of v.-ater dissolve the following weights 
of ammonium chloride at the temperatures named : 

Temperature - o® lo'' 20® 30® 40® 50® 60® 80® 100® 

Substance - 28*4 32-8 37-3 41-3 46-2 50*6 55-0 64*0 72-8 grams. 

Construct the solubility curv’e of the substance, and from the curve 
determine the solubility of ammonium chloride at 24° and 70®. 

[London Matric.] 

10 . When phosphorus is burnt in a measured volume of air a de- 

crease of about 20 per cent, is obser\'ed in the volume of the gas. What 
possible conclusions can you draw from this experiment alone ? Set 
forth carefully the further experimental grounds on which the accepted 
explanation of this phenomenon is based. [Madras Inter.] 

11 . When copper is heated in air, a black substance is formed. How 

would you prove that the copper had combined with another element 
to fqrm this new substance, and how could you determine what this 
element is ? [Joint Matric.] 

12 . Write an account of one of the follomng : 

(<7) Crystals and crystallisation. 

(6) The Bunsen burner. 

[Oxford and Camb. School Cert.] 

13 . Name the four important constituents of atmospheric air and 

describe simple experiments by which a specimen of each of these may 
be obtained from it. [Travancore S.L.C.] 

14 . How would you determine the amount of Avater vapour in one 
litre of air ? Give a full description of the apparatus you would use. 
What circumstances tend to increase or decrease the humidity of the 
air ? 

15 . In what respects does the air that we breathe out differ from 
the air that we breathe in ? Outline with diagrams a method of 
determining the percentage of nitrogen by volume in expired air. 

16 . How would you show that ordinary air contains traces of water 
vapour and of carbon dio.xidc ? Sketch the apparatus that you would 
use to dotcrniinc quantitatively the amounts of these substances present 

[Joint Matric. Board.] 

17 . Describe experiments you would perform to prove the presence 
of the four important constituents of atmospheric air. What important 
function has each of these in the economy of Nature ? 

[Calcutta Inter.] 

18 . Describe briefly the experiments of Bovle, Hooke and Mayow 

on combustion, and state their conclusions. Give an account of the 
theory of phlogiston. [Queen’s Univ. Belfast Matric.] 

_ 19 . Compare and contrast present-day views with those held in the 
eighteenth centuiy regarding the nature of combustion. 

[School Leaving Certificate (Higher). Scotland.] 
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20 . Give as full an account as you can of the discovery W “W". 

( 6 ) the composition of water. 

21 . Describe the experiments ‘^aUs^hrevidence that 

and water contain a common ^ined while in the other 

in one case this constituent is chemically combined. ^ p ^ 

it merely forms part of a mixture . , 

22. How would you show -^":^„\“d‘:wo" 

hydrogen react with one volume of o, yg > Lo^^l jun.] 

st^dxn ^ I 

23 . mat is nreant by the “'i«d:terndn"r:i«b 

partial pressure of oxygen in th P ^Camb. School Cert.] 

mentally ? . , Victor Meyer’s vapour density apparatus 

24 . In an experiment air displaced and collected 

0-15 gram of a c c ^thc waU-r inside standing il cm. 

in the tube was found to be 2O atmospheric pressure 

above the level of the water in Calculate the vapour density 

was 755 mm. and the temperature 6 G Cahu^^ ,.,.C. = r 5 mm 

of the substance. Tension of aiiucous y [Allahabad Inter.] 

Specific gravity of mercury - .S'S- ^ 

25 . Explain how the volume of a g temperature, pressure, and 

calculated from observations made ^nd the maximum pressure 

volume when the gas is oo***'^**^* temperature is known. 1 10 c c, of 
of water vapour at the particul I ,8»C. and 740 mm. pres-^ure. 

hydrogen were collected over wa . temperature and pressure. 

Calculate the volume of the gas at (, ^4 m'u. at .S^ C.). 

(a) taking account of the pressure of ^att p t ^ 4 ^ 

neglecting the effect of the water vapour. ^ 

26 . What is meant by the ° rates of <lilfusion of 

mental method of roughly ascer a R rcUlivc rate of difiusiou 

two gases, say hydrogeti and jrs 27 is to 29. Calculate 

of a gas as compared with carbon ^ [London M.itnc 

the molecular weight of the gas. (C-12.^ 4 , . 

27 . State Graham’s Law o‘ ‘‘J 

experiments you have witness tlmnigh a porous plate, Ho\ 

50 seconds 300 c.c. of ^ to diffuse through the .same plate 

long will it take 500 c c- ^blormc to ^-i^iorine as .v ^"’1 / - 

Take the molecular weights of ox>gt • [London Can. School.] 
respectively. ’ apparatus, 

28 . Define dissociation. : 0 0874 gm- '>* 

the following daU were ‘ ,^2^8 mm. ; temperature of the 

displaced 13 7 c.c. of air ; barome cr 7^^ » m ^ 

room, ...y-C, : ;X-r.^^roOod.ne>- 0 >- 

Tj«u.Tst Matric.] 


Calculate the vapour density ^ 

at the temperature of the expen • [Queen's 
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29 . Describe two cases of abnormal vapour density with which 
you are conversant. How is this abnormality usually explained ? 
Adduce experimental evidence in support of your explanation. 

[Central Welsh Board, Higher.] 

30 . Write an account of the kinetic theory relating to gases. 

[Queen’s Univ. Belfast Matric.] 

31 . A piece of camphor left exposed to air loses in weight. Fheces 

of iron become rusty on exposure in the air and increase in weight. 
How would you reconcile the above facts with the statement that 
matter is indestructible ? [Calcutta Inter.] 

32 . A compound containing sodium, sulphur, oxygen and hydrogen 
gave on analysis the following result : Na = i4-3i per cent. : S=Q -97 
per cent.: H=6'25 per cent.; 0 = 6947 cent. Calculate the 
formula on the a.ssumption that all the hydrogen in the compound is 
present in combination with oxygen as water of ciy'stallisation. 

[Calcutta Inter.] 

33 . .\ solution was known to contain both nitric and hydrochloric 

acids. For complete neutralisation it was found that 50 c.c. of the 
acid solution required 42 c.c. of caustic soda solution containing 25 
grams per litre, whilst on precipitation with silver nitrate 50 c.c. yielded 
2-45 grams of siher chloride. Calculate the weights of hydrochloric 
and nitric acids, respectively, contained in i litre of solution. (.'\g= to8, 
Cl •“ 35-5. Na = 23. 0=16. N = I4. H = i.) [London Matric.] 

34 . Show that the three results given below illustrate a law of 
chemical action. Enunciate the law. 

(«/) o-4«> gm. of magnesium produce 0-77 gm. of magnesium 
oxide. 

{b) 0 S2 gm. of magnesium liberate 760 c.c. of hydrogen at 
K.T.n. fri>m an acid. 

(r) \-2Ci gm. of water result from the union of i-ii gm. of 
oxygen with hydrogen, 

[Civil Service, Northern Ireland.] 

35 . Exactly 3 gm. of magnetite (MgCO^) were added to 5-000 gm. 
of diliile sulphuric acul. .\ftcr all action had ceased, it was found 
that o-4.Ho gm was left undissolveil. Calculate the percentage strength 
<if the siil}>liiiric acid. In this reaction what volume of CO., would be 
evolved mea'^nred at C. and 760 niin. pressure ? (Mg = 24-3.) 

[Punjab Univ.] 

36 . Tlirce oxides of lead have the following compositions : 

I n III 

I-ca<l - - 02-65 00-63 80*5J per cent. 

Oxygen - 715 0-37 13-40 .. .. 

By reference to these comjvisilions illustrate the law of multiple 
proportions and assign formulae to these three oxides. Pb = 207, 
0-16. [Madras Inter.] 
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oxide. 

38. Describe fully any 

which a law of multiple proportions - nrecipitalion with 

it was found that . gm. of a chloride of preop Ut.o^ 

silver nitrate t-rh gnr. of silver .trl^ 

of iron gave by the same method 2 j g ^ results illustrate 

the composition of silver !^‘‘l«rule shou hm Jhc^e 

the law of multiple proportions. (Ag 1 . 3 [Madras Inter.] 

39. Two oxides « and b of ^ m each 

weight in a current of pure hydrogen atul ^ 

case was weighed. The following results were obt.nncd 

2-00 gm. of fl gave o- 25»7 K"' 

Show that the 

and calculate the equivalents of the ^anib. School tert 1 

.... \ metal tornis three 

40 . State the law of multiple m.tal r.-pec- 

oxides which contain yh ^?. 08 42 anc 3- ‘ neiU with the law of 

lively. Show that these compounds art m . K (-..nib l-ocal Sen ] 
multiple proportions. ^ 

41 . 3-120 gm. of washing soda solution titrated 

dissolved in 200 c.c. of water. ^ r'.mired jiSoe.c for exact 

wth dccinormal sulphuric acid solii nm ^ ^ ^ .inhv<lr*njs scxlmin 

neutralisation. Calculate the pcrcen W cUh Kleincntary ] 

carbonate in the crystals. I ‘ • 

42 . Indicate how you would propose to • the possibihty 

solid compound is an acid, a base, or ‘ classes, 

of one and the same body belonging o (('uiul' Ia)cal Sen 1 

. * ./irU bases and salt*' ? 

-characteristic properties solution of 

ach. What volume of a . i 

...;ii K.. r^ouired to mutrah c . , ||,t«T,] 


43 . What are the 
Give examples of each 
sodium carbonate will be re<|uire(l « 

containing 4-9 gms- of sulphuric acid ' ^ ^ an-wir by 

44 . Explain what is meant by a baM 1 u j j of sodium, 

msiderinc. the nrooerties ami reactions of the 


considering the properties 
ammonium and zinc. . ^ ('.ivc 

45. Explain carefully what you |,'“'.,,irl'ioin i-iill'l"''''': 

cxauiplcs, and describe the preparation of an aim 

.|. .Issc’ .salt’ ■ dilute solution/ 'satu- 

46 . Define the terms : ‘acid, base , . • . . ,|i..lillation ? 

rated solution,’ •gram-molecule. ' l „iv. Ik-ifast Matnc.] 
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47 . Define the terms ‘ acid,’ * base,’ and ' salt.' WTiat are the different 

classes of sallh ? In what different ways can salts, in general, be 
obtained ? Give illustrative examples. [Punjab Univ.] 

48 . \%Tiat is meant by a tiortnaJ solution ? Concentrated hydro- 
chloric acid has a specific gravity i'i6 and contains 32 per cent, of 
hydrogen chloride. Calculate the volume of this liquid which would 
be required to make ten litres of a normal solution of the acid. 

[Camb. School Cert.] 

49 . Ten gm. of iron wire were placed in 150 c. of hy drochloric acid 
containing 30 gm. of hydrogen chloride : calculate (a) the volume of 
hydrogen evolved, measured at 19® C. and 750 mms. pressure, and 
(6) the weight of acid left at the end of the reaction. [Joint Matric. Board.] 

50 . 100 gm. of 2inc was placed in i litre of dilute sulphuric 

acid. After all action had ceased the excess of zinc remaining weighed 
35 gm. Find the number of grams of sulphuric acid present in the litre 
of solution. State also what volume of hydrogen (measured at n.t.p.) 
was evolved, (n-a litres of hydrogen at n.t.p. weigh i gm. 0 = i6, 
3=32, Zn 5=65.) [London Gen. School.] 

51 . From the following table plot the relationship between the 
densities of solutions of sodium hydroxide and the percentage of the 
base : 

% sodium hydroxide 5 10 15 20 25 30 35 40 45 

Density - - i-o6 111 1-17 1-22 1-28 1*33 1*38 i-43 1*48 

What volume of decinormal sulphuric acid would be neutralised by 
25 c.c. of sodium hydroxide solution of density 1-30 ? (Na — 23. O = 16.) 

[Oxford and Camb. School Cert.] 

52 . A piece of marble weighing 105 gm. was placed in 25 c.c. of a 

given solution of hydrochloric acid. .-Mter the action had ceased, it 
was found thato-55 gm. of the marble remained unattacked. Calculate 
the weight of hydrogen chloride (HCI) present in a litre of the acid. 
Find also the volume of the carbon dio.xide produced assuming it to be 
measured at i7'’C. and 750 nun. pressure. (H = i, Cl = 35'5, 0 = i6, 
C=r2, Ca=40.) [London Gen. School,] 

53 . .A, paraffin candle (C 82°, H iS^q) weighs 100 gm. Find the 
weight of the products formed by the complete combustion of the candle. 

[Queen’s Univ. Belfast Matric.] 

54 . W hat do you mean hy the term ‘ equivalent weight ’ ? In an 
exjieriTnent 0-3 gm. of metal was found to liberate 85 c.c. of hydrogen 
at o® C. and 760 mm. Find tlie equivalent of the metal. 

[Madras S.L.] 

55 . Fi\-e c.c. of sulphuric acid are dissolved in water and the volume 

niade ufi to 500 c.c. : iq- 2 c.c. of this diluted acid neutralised exactly 
22-7 c.c. of decinormal sodium carbonate solution. What volume of 
water must be added to 400 c.c. ui the diluted acid in order to make it 
exactly decinormal ? [Calcutta Inter.] 
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56. The gases obtained by 

acid, and by heating ®;®75 g/"- ^rfm/asured dry at 27^and 680 mm. 

-SSI sjsrcsrssri 

of the acid. 2 96 * ’ 

Gm. HCI per litre 4^9 404 303 ^^73 ^^5^^ ^ 

^^whatlTJl oi de 

by 20 c.c. of hydrochloric acid of specific graM y ccrt.] 

58. State and explain the law oi 

metal forms two oxides. 5 ® ^ter was obtained, while 0 4 gni^ 

in a stream of hydrogen 01687 gm. .. j yielded o iooo gm of 

of the second oxide under c°ndmons >.c ^ 

water. Calculate the equivalents of the metal. L 

59. Describe as fully as you ‘"^[^"'^nowledge would you 

equivalent weight of copper. hat lurtner 

require in order to find its atomic Elementary.] 

60. Illustrate the law of equivalents from the ^ 

Potassium chloride : P«tasMum 5-^5 » 

Potassium iodide : i*. - chlorine 21-8%. 

Chloride of iodine : lodme 7 

(K 39-1 : Cl 35-46 : I 126-9.) determining the equivalent 

61. State the principle of two you would carry out 

weight of either zinc or chlorine, and dcscriDe no > 

one method in practice. meaning of this 

62. The <?uiya/cnr of oxygen IS 7 94; ^ I , ...j^jeh this 

statement. Describe, in full .u^. points of importance 

value has been obtained, emphasis g fl^ndon (ieii Sciiool.] 

necessary to obtain an accurate resu . ^nilvsis to contain 

63. The oxide of a certain metal What 

12-5 per cent, of oxygen. Calculate H atomic weight of the 

further facts and reasoning arc require fCamb. Local Son.] 

rol'itinnshiP between the 

64. From the following ^ j^^iJ and the percentage of the 

densities of solutions of hydroch 

^c\d: 2^-2 3t-3 372 

% hydrochloric acid • *0 0 *^.05 ^i-io i i3 ’’’6 i >9 

Density - - • 105 J .elution would be 

What volume of normal ?7of density 112 ? (Cl = 35'5 ) 

neutralised by 25 c.c. of hydrochloric camb. School Cert.] 
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65 . 4*215 gm. of a metallic carbonate were heated in a hard glass 

tube and the carbon dioxide which was evolved was collected over 
mercury. It was found to measure 1336 c.c. at 700 ram. and 27*0. 
What was the equivalent weight of the metal ? The molecular weight 
of a gas at n.t.p. occupies 22*4 litres. [Madras Inter.] 

66. 1 gm. of magnesium displaces from combination 0*083 gm. of 

hydrogen, 9 gm. of silver, and 5*25 gm. of copper. What are the 
equivalents of these elements ? [Madras S.L.] 

67 . Di.stinguish beUveen the chemical equivalent and the atomic 
weight of an element, illustrating your answer by reference to any 
suitable metallic element. In an experiment, 0*49 gm. of a metal was 
dissolved in hydrochloric acid, and was found to displace 295 c.c. of 
drj' hydrogen at a temperature of 22® C. and a pressure of 752 mm. of 
mercury. The specific heat of the metal was found to be 0*152. 
Calculate the chemical equivalent and the atomic weight of the metal. 

[School Leaving Certificate (Higher), Scotland.] 

68. Write a short account of either the evidence for the atomic 

theory or the experiments which led Lavoisier to the modern view of 
combustion. [Oxford and Camb. School Cert.] 

69 . Write an account of the history of the atomic theory. 

[Queen’s Univ. Belfast, Entrance Schol.] 

70 . Explain the connection between the equivalent w*eight and the 
atomic weight of an element. It was found that when 0*15 gm. of a 
metal was treated with dilute acid it yielded 51*3 c.c. of hydrogen at 
O' anti 760 mm. Calculate the equivalent weight of the metal. 

[Camb. School Cert.] 

71 . Define ' atoniic weight ’ and ' equivalent weight ' of an element, 

and state how thiMr are related to one another. Being provided with 
metallic lead, gi\*c an outline of the method you would follow in order 
to determine its equivalent weight. [Joint Matric Board.] 

72 . What do you understand by the atomic weight of an element ? 
Show how it is relatctl to the equivalent weight. By what methods 
may the atomic weight be found from the equivalent ? 

73 . 0 5 gm. of a metal. M. on solution in dilute hydrochloric acid 
displaced 637 c.c. of hydrogen, measured at 16® C. and 780 mm. 
[>ressurc. Calculate the equivalent weight of the metal. If the formula 
of the oxide of the metal is M,0, what will be the atomic weight of the 
i!K t il ? Write flown formulae for the hydroxide, chloride and sulphate 
of the metal, (i litre of Iiydrogen at x.t.p. weighs 0*09 gm.) 

[Central Welsh Board. Elementary'.] 

74 . Explain carefully, illustrating your answer as far as possible 

will! examples, the \ ariou'- con.siderations which are taken into account 
in fixing tlic atomic weight of an elemctit whose chemical equivalent 
is known. 'Central Welsh Board, Higher.] 


QUESTIONS 




75 A volume of 33-6 c.c. of phosphorus vapour weighs 0 06^5 
at 546 “ C anr 76 cm. pressure" What is the molecular weight of 

phosphorus ? 

76. What is meant by the terms enfon, demily 

Describe a method for findmg the nrojecular , 

nitrogen. ^ 

77. The chloride of a certain metal =")' °'cl'l“ul"'e 

^;^^ordert^ci^c'l^"^“aTo:;:^c^ig^oU^^^ metal i [Madras Inter., 

78. State carefully how the volume 

.'.e - 3 -- ---yr t^^t 

Describe how you could verify ^ which gasc-s coinhine ? 

simple relationship exists between the N ...u, I, nccoimls fur this 

Give two examples. State the hypothes,. 
relationship. 

79. What is the vapour density of a rUsoiI^'that 

tance is it in determining - 

have led to fixing the molecular weight of l»> drug . „ , 

80. State clearly the reasoning " \ [London Metric.] 

the molecule of chlorine consists of tuo atoms. t 

81. On dissolving oy gnr of a metal inJi>tlro^^ Cakulam the 

of hydrogen at 15 " C. and 7 ^^ 1, .,f the metal was foiiml to po>scss 

equivalent of the metal The cWo d f cent, of 

a vapour density of 60 0 (H-H the metal, 

chlorine. Calculate the atomic weight and xak . Malric ] 

82. The oxide of an element contains 5 

and the vapour density of tlie chlon ..h-nHiit Point out clearly 

(a) the atomic weight, (fc) the valency '"^c^Jl.'^V.lK^iatmns. 

what assumptions arc made m the co il^oiulon Matric.] 

83. Enunciate Avogadro's **;’*‘^. demen\.s!^"ilhi"t^^^^^ VO*"' 

determining the atomic weights o ICah utta Inter.] 

answer by examples. 


Cahutta Inter.] 

f.wcy ..a...,,.... ,,ith illustrations, 

84. What is Avogadro’s hypothesis . ' atomic theory and 

)w this hvoothesis brings into harmony < fDacca Inter.] 


how this hypothesis brings into harmony 
Gay-Lussac's law of combining volumes. 


& law o 

85 . State (a) Gay-Lussac’s '^>'*""01010^0/ I mixture of 

hypothesis. Calculate the composi , n-quired 9 c c, of 

carbon monoxide and methane, 10-5 rcamb. School Cert.] 

oxygen for complete combustion. 
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86. State the law of atomic heats as defined by Dulong and Petit. 

0-9 1 gm. of the sulphide of a metal when roasted in air produced 
263*5 c.c. of sulphur dioxide at 27* and 710 mm. pressure. The 
specific heat of the metal was found to be 0*0533. Ascertain the atomic 
weight of the metal. [Bombay Inter.] 

87 . Define (a) atomic weight, (6) molecular weight. One gm. of a 

metal, when acted upon by a solution of sodium hydroxide liberated 

1242 c.c. of hydrogen, measured at o* C, and 760 mm. The specific 

heat of the metal is 0*22. \Vhat is its atomic weight ? How is the 

value thus found supported by the fact that the vapour density of the 

chloride is 4*6 times that of air ? [Madras Inter.] 

* 

88. What do you understand by a colloidal solution ? Describe 

the preparation of a colloidal solution of a metal. How may a colloid 
be .separated from a crj'stalloid with which it is in solution ? Give an 
illustrative example. [Central Welsh Board, Higher.] 

89 . What do you understand by the osmotic pressure of a substance 

in solution, and how is it determined experimentally ? .According to 
Pfeffer, a 4 per cent, solution of sugar showed an osmotic pressure of 
20S2 mm. of mercury at 15“ C. Calculate the molecular weight of the 
sugar. [Central Welsh Board, Higher.] 

90 . State what is meant by the valency of an element and explain 
how it may be determined. 

91 . Di.scuss the use of the conception of valency to the chemist and 
show how the valency of an element is related to oxidation and reduction 
changes. Illustrate your answer as far as possible with examples. 

[Central Welsh Board, Higher.] 

92 . What do you understand by electrolysis ? Describe, in some 

detail, experiments relating to (<?) dilute sulphuric acid, (6) a solution 
of copper sulphate, in illustration of your answer. Name two impor- 
tant applications of electroly^is. [London Gen. School*.] 

93 . What is meant by electrolysis ? Describe the changes which 

occur when an aqueous solution of (a) copper sulphate, (6) sodium 
chloride, is electroly.scd. [Oxford an<l Camb. -School Cert.] 

94 . Explain, by de.scribing particular examples, how («) an electric 

current, (t) an electric spark, and (c) a .silent electric discharge, may be 
employed to bring about chemical changes. [London Matric.] 

95 . What is meant by the terms ‘ reduction ' and ‘ oxidation ' ? 

Tliu*.tratc your answer by examples. What tests would you apply to 
a given substance to show whether it is a reducing agent or an o.xidising 
^iJent ? [Camb. School Cert.] 

96 . Hydrogen sulphide and carbon monoxide are frequently described 

as agents while chlorine and nitric acid are termed oxidising 

ngru/s'. Explain the meaning of these terms and describe experiments 
with these substances which illustrate this classification. 

[Camb. , School Cert.] 
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97 ‘ Chlorine which does not contain oxygen, is an oxidising agent. 
ExJ,ain“te.nen.. What expcn.ents wou.d you rnahe^- 

to prove it ? . » 

98 Exolain the meaning of the terms ‘ oxidation ' and ‘ reduction 
by describing t>'pical experiments involving these processes \\ uc )OU 

have carried out in the ^vdsh Hoard. Elementary-,] 

99. Explain what y^unc^by the 
your answer by one example in eacti case . i i 
(6) acid salts, (c) reversible reactions, and <</) oatalt^ 


100. Explain briefly 

position, and allotropic modification. rlomt Metric. Board.] 

each of these terms. . . 

101. Explain the terms: ' , “«--"V,nlef ,,/el'h.' ami'®" 

Select .from the following substance;. Vl nr'rfonn with them to illustrate 
an account of the experiments you uou 1 . sulphur dioxide, 

your answer: hydrogen, carbon monoxide, chioriiu. i 

nitric acid, potassium Certificate (Higher). Scotland ] 

102. An electric current was (uMiig 

cells containing (1) dilute sulphuric a . ^,^,1 platinuni 

cofiper electrodes). (3) cJll was coliccte.l over 

cathode). The hydrogen evolved in at 13' C ami 

water, and its volume found to be 72 cathodes in cells 

765 mm. pressure. The increases in " e\ilculate th<- 

(2) and (3) were respectively o-iOo P'"_ ^ that ol silver as 

chemical equivalents of hydrogen and I J •, „i,„ ,,f tiu rcurv. 

i.-.,- .-vd 

103. State, from your own experience thru com to 

influence the rate a chemical rcac o . ^ i mv. of Loivi MsUric ] 
illustrate the effect of each. rr»». tinn ' 

104. Say fully what you '•"‘*^'"‘'7;;' , ■ on smha reaction. 

Discuss the ehect of (a) temix-r.iturc. ( d I ,li^^o^.ialu>n of jdios- 

illustrating your answer by ‘ / hvdrogen i'xhde. (c) tlic 

phorus pentachloride, {h) the WeNli lioard, Higher ] 

effect of heat on barium peroxide. I • /n olr. irolv-is 

ic and illustrate the terms («) '{/) reversible 

• (^) hydrolysis. 

I \ * t r< >1 vtic dissociation 

106. What do you understand >>' throrv of electrolytic dis- 
Indicate briefly the grounds on account for (a) the 

Bociation was established. How does tbm t < r> ^ 

colour of salt solutions. (6) the heat of Webh Board, Higher.] 


105. Define 
{c) oxidation 
reaction. 
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107. How would you proceed to determine the equivalent weight of 
copper bv an electrolytic method ? [Central Welsh Board, Elementary.] 

108. Compare and 'contrast the thermal dissociation of phosphorus 

pentachloride with the electrolytic dissociation of common salt in 
aqueous solution. Indicate briefly how the degree of dissociation may 
be determined in each case. [Central Welsh Board. Higher.] 

109. Explain and illustrate by examples the meanings of the 
following terms : electrolytic dissociation, eutectic mixture, exothermic 
compound, complex ion. basic salt. [Central Welsh Board, Higher.] 

110. Write an account of the periodic classification of the elements. 

[Queen’s Univ. Belfast, Matric.j 

111. State the Law of Mass Action and give an example of its 

application. [Central Welsh Board, Higher.] 



ANSWERS TO QUESTIONS 


9 . 24®, 39'0 : 70“' 59 ' 4 - 7 °^'^ 

25 . (a)98-4C.c. (6) 100-5 c.c- 26 . 5 o« 27 . [.:5=>ec, 

28 . 82-6 ; Let ;r=degrec‘ 

(i-x)JV molecules of I, and 2:V.r tnolccuks 
molecules after dissociation = { 1 - * 

vol. after di!;sociiUij>tj_ i : 

• • vol. before dissociation i 

density 

” density before dissociation ' 1-7 

a- =0-538 or 53 « per cent 

32 . Na,S 0 ,.ioH, 0 . 33 . i2 4<*f:ni Ht'l . 1 1-57 g‘" 

35 . 58-59; 669-Oc.c. 36 . 1 . PbO; H . HI I*bH, 

41 . 37-02. 43 . 53 c.c. 48 . .,830.0. 

49. (a) 4334 c.c. (b) 16-96 gin. 60 . .»8 g,n. ; 2.-.1 lit. 

51 . 2-19 lit. 

53 . 300 gm. COj ; 162 gm. H,U. 

66. 19-93.. *85® c.c. 

64 . 180 c.c. 65 . 12-15. 

66. Mg = i2-05: Ag = io8-4: Cu- 1 > 3'3 


52 . 7-3 g‘“ • 6 c c. 

54 . 30-2. 65 . .190C.C. 

58 . 18-7; 28. 63 . 56. 


70 . 32-75. 72 . 9-079. 

77 . 29-6 : 261-12. 

82 . at. wt. 27-09 ; vaU-ncy 3 - 
86. 116-5. ^704- 


67 . 20-15 ; ^0-3- 
73 . 27-24. 75 . 125 

81 . e'piiv. 1004 ; valency 3- 
85 . So c.c. to; -- 5 C.C. CH,. 

89 . 3 - 15 . 102. . 0.: 3183 


2(yj 


P.E.C 


K 




PART II 

SOME NON-METALLIC ELEMENTS AND THEIR 

IMPORTANT COMPOUNDS 
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CHAPTER XVI 

OXYGEN' AND OZONE 


The non-metallic elements. — The chemical elements are, for 
convenience, divided into two large groups ; the metals and 
the non-metals. The line of distinction is not always very 
sharp, and we shall leave the discussion of the principal differ- 
ences’ between the two classes of elements until we come to 
deal with the metals. The non-metallic elements to be described 
are t oxygen, hydrogen, chlorine, bromine, iodine, sulphur, nitrogen, 
phosphorus, and carbon and their more important compounds, 
although a few others, such as boron, are briefly mentioned. 

The description of the chemistry of a substance includes 
certain common topics, and the choice of the following will be 
convenient t history, occurrence, preparation (including industrial 
preparation, when this is of interest), properties, uses. 

The properties will include ; 

Physical : 

state (solid, liquid, gas) ; 
colour ; 
smell ; 
taste ; 

ease of liquefaction (if a gas) ; 
density. 

Methods commonly used for the preparation of a substance 
in the laboratory should be distinguished from those methods 
of formation of theoretical interest only, and from technical 

processes. 


Chemical ; 

whether combustible or a 
supporter of combustion ; 
acidity or alkalinity ; 
reactions with other sub- 
stances. 


Oxygen 

History.— Oxygen was discovered by Schecle about 1772 
(see p. 98), and independently by Priestley in 1774, by heating 

273 



274 


EVERYDAY CHEMISTRY^ 


red oxide of mercury (p. 99). Its importance in combustion 
iind respiration was first clearly recognised by Lavoisier (p. loi). 

Occurrence. — Oxygen occurs as a gas free in the atmosphere 
to the extent of 23 per cent, by weight or 21 per cent, by volume. 
It occurs in combination in water, in nearly all rocks, in plants, 
and in animals. Oxygen forms about 50 per cent, of the weight 
of the crust of the earth, and is the most abundant element there. 

Oxygen gas is of great importance in respiration (p. 424). 
The breathing of air deficient in oxygen is dangerous, so that 
in confined spaces, and at high altitudes (where the air pressure 
is low), oxygen must be supplied. Oxygen gas {not liquid) is 
sold compressed in black steel cylinders under 120 atmospheres 
pressure and is applied to a variety of purposes, particularly for 
blowpipes used in cutting and welding metal, and in medicine 
in cases of pneumonia. These cylinders should be kept cool and 
not exposed to mechanical shocks. Special reducing valves are 
used to obtain a steady stream of gas. 

Preparation of oxygen. — In the laboratory, oxygen is usually 
prepared by the action of heat on the salt potassium chlorate, 
KCIO3. When the crystals of this salt, which are anhydrous 
{ix., free from water of cr>'stallisation), are heated fairly strongly 
in a hard glass tube, they crackle (or decrepitate), and then fuse. 
-■\t a temperature a little higher than the melting point, the 
salt decomposes slowly, with evolution of oxygen gas in small 
bubbles, and potassium chloride, KCl, a difficultly fusible solid, 
remains in the tube : 


2KC103 = 2KC1 + 302. 

Partly owing to complications in the decomposition (p. 32S) 
-tnd partly owing to the high temperature required (so that an 
urdinary glass tube or flask is softened and often perforated), 
I lie (iecompo>iiion of potassium chlorate alone is hardly ever used 
in the laboratory for the preparation of oxygen. A mixture called 
»'>:ygrn mixture consisting of coarsely powdered chlorate with 
ni^nganeso dioxide, evolves oxygen rapidly at a much lower 
lemfjcr.'ture than chlorate alone, without fusion, and the 
■ hlor.ite directly to the chloride. (Explo.sions occur if the 

tnangam dioxide contains powdered coal or antimony sulphide 
.md a litth oxygen mixture .'^hould fir.st be tested by heating in 
.01 op( n fesi-tuhe.) The mixture is heated in a large test-tube 
I lamp< d in a horizontal position, and fitted with a fairly wide 
glas^ d<‘livery tube passing through a cork in the test-tube and 
dipping at the other end beneath the water in a pneumatic 
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trough. Over this end is supported a glass c>-linder full of wau-r 
and standing on a beehive shelf in the trough (Fig. i8o). I he 
mixture is cautiously heated, beginning at the end near the cork, 
and the flame withdrawn from time to time when the evolution 
of gas begins to be violent. When the air is displaced from the 
tube, the cylinder is placed on the shelf and the gas collected. 
The jar when full is closed with a greased ground glass plate 



Fig. i8o. The preparation of Oxygen Gas by heating a Mixri ke 

OF Potassium Chlorate and Manganese Dioxide. 


fitting over a ground rim on the cylinder, and is lifted from the 
trough. The delivery tube must be taken out of the water betore 
the test-lube is allowed to cool, since otherwise water will he 
t forced back into the hot tube and crack it. 

Catalysis. The manganese dioxide in the preparation ot 

oxygen undergoes no permanent chemical change : it may be 
recovered from the residue by washing out the potassium chloride 

"^*Thu\ction of manganese dioxide, discovered by Dobereiner 
in 1820, is an example of numerous reactions in which a substance 
accelerates a chemical reaction without itself undergoing any 

permanent chemical change. « x , 

Such substances were called catalysts by Berzelius (1835) and 
their action catalytic action, or catalysis (sometimes contact action). 
Many examples of catalysis will be met with in the further 
study of the chemical elements (sec Index under ‘ catalysis ’). 

A catalyst may take part in the reaction, but if it does it must 
be set free again and so remain as such in the final products. 
It may also undergo physical change : the manganese dio.xide 
left in the oxygen reaction is more finely divided. 

Industrial preparation of oxygen.— On the technical scale 
oxygen is nearly always obtained from air. It may be separated 
from the nitrogen by chemical or physical means. Formerly 
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chemical methods were used (p. 222), but all the oxygen 
now used is obtained by a physical process depending on the 



Laggleg 


ExpanttOB 

M 

Liquid 

air 


Fig. 181. — Production of Liquid Air. 

The Air is drawn rv a Pdmp throi'ch a Purifier, and is compressed. Tkb 
HLAT rRODlXm BY CnwrRC^lON IS TAKES OCT BY A COOLEK, AND THE AlR THEN 
PASSES THROlTilt ArPARATCS IS WHICH MOISilKE IS REMOVED. THE COMPRESSED 
Air Exr.KSos tiiroi ok a Jet» asd becomes cooled. The ccld Air sweeps 
dVER THE I^IPE BRISGISG THE COMPRESSED AlR TO THE JeT ASD COOLS IT BEFORE 
EXPANSION. TuF. Air finally becomes so cold THAT IT LlQVinBS. 


liquefaction and fractional distillation of air. Nitrogen 
boils at a lower temperature (-196°) than oxygen ( — 183®), 

and boils off first from liquid 




1S2. — Double-walled 
.M Vessels for holding 

AIR. 


air. 


The process of liquefying air is 
shown diagrammatically in Fig. 
181. In expanding through a jet 
the air molecules are separated 
against slight attractive forces be- 
tween them, and the energy for 
this internal work is taken from 
the heat of the gas, which becomes 
colder. The cooling effect is made 
cumulative, as shown. Liquid air 
rapidly evaporates unless kept in 
a Dewar vessel (‘ thermos flask *) 
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OXVOHN FROM THF MR 

(Fig iS’) consisting of a duubk-wallcd bottle with a vacuum 
between the walls. whi( h are sihereil in the annular space 
'Fhis checks the passage of heat bv comluclion anil radia- 
tion. i.arger quantities (,f liquid air or iKjuid owgen are 


-r y 


Is 


Jf 








J 


klr 




♦ i 






V . 










— ‘S. 


I 


■J 


« k 


H 










) 




U 4 

V jn 

• • AV 




1 I,. ( lACU. OXS... N I'l NNI ‘ 

..I < »SN (.1 N I'l K 

II. .1 ./ Ilu llnli^h Oiv./<i t ■■ . I '■! > 

kept in spheri.al d.a.ble walled metal va-uum vewb. dmun 
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F-,,. 22V M i‘M . •'>'<* IKissesdown l.v w.iv perloialed tra\^ 

Ivhi.h are lovered Ullh liqui.l, through Uhl. h the gas bubbles 
The nitrogen (b.pi. iV> ) b< gins to ev.qe .r.it<-. and th-- liquid 
i>assing down is enri* h< d in oxygen, its t< inj.er.aure t)e<nming 
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a little higher, and this liquid collects in a pot below. Here 
it is heated by compressed air in a coil going to the e.xpan- 
sionjet, and evaporates until it is practically pure oxygen at 
-183®. The oxygen gas rising from this liquid passes 
through the liquid air coming down the tower, some of it is 
condensed and evaporates off a portion of nitrogen. Thus 
the liquid flowing from the base of the tower becomes nearly 
pure oxygen, whilst the gas passing out of the top is mainly 
nitrogen. 

Fig. 183 shows a modern Claude expansion engine plant, 
operating in the Wembley factor)' of the British Oxygen Com- 
pany. The maximum pressure attained during preliminary 
cooling does not exceed 35 atmospheres, and when oxygen is 
being produced the working pressure is about 25 atmospheres. 
These are considerably lower working pressures than can be 
ol)tained with the Linde apparatus. The plants are fitted with 
apparatus to enable a portion of the waste nitrogen to be 
abstracted in a state of purity, and with further equipment to 
enable argon to be collected, that rare gas being now of consider- 
able commercial value (p. 398). The cooling of the gas in this 
type of plant is obtained largely by allowing the gas to expand 
and do work in an engine, which can be seen on the left of the 
column, and the heat exchangers at the back. 

W hen mercury is heated in air it abstracts the oxygen from it, 
forming mercuric oxide, HgO, which at a higher temperature 
decomposes into mercury and o.xygen : 

-’Hg + 02^2Hg0. 

.■\ limited supply of mercury could therefore be used to abstract 
the oxygen from a large quantity of air, but the method is not 
suitable for technical use. 

Barium monoxide (‘ baryta ’), when heated to dull redness in 
air. takes up oxygen to form barium peroxide, which when heated 
to bright redness or exposed to reduced pressure, loses oxygen 

2Ba0 + 02^2Ba(L. 

I ills reaction was lormerly used in the Brin process, which is 
’.i)W cniireiv obsolete. 

Oxygen from water. — Oxygen may be obtained from water 
!)y electrolysis (p. 110); 

2H0O =- 2H2 + O2, 

a prwess which has been used on the technical scale. Oxygen 
ts also forn^cd by passing a mixture of steam and chlorine gas 
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through a heated silica tube filled with broken porcelain. The 
chloriL removes the hydrogen from the water to form hydro- 
chloric acid, which may be washed out with water, and sets 
free the oxygen, which may be collected . 

2H20 + 2Cl2=4HCl + 02. 

This is not a satisfactory method for preparing oxygen, but 
is interesting as a chemical means of separating the oxygen 

TheTroperties of oxygen.-Oxygen is a colourless gas, without 

smell or mste. It is very slightly heavier than air. Air is .1 
mixture of four volumes of nitrogen (density 14) and one voluiiii 
oxy^n (density .6) ; its density will be given by the usual 

formula : 4 ^ of oxygen is i6. or 

^ Oxygen h^llighUy soluble in water : the small amount of 

oxvge^n dissolved^ in. natural waters is sufficient for the respire - 

tion^of 6sh. Oxygen is difficult to liquefy : the liquid is pale 

blue in colour and is slightly magnetic. 

The chemical properties of oxygen arc chiefly concerned witli 

combustion, and in this way, as well as m respiration, it enters 

“coXJltiom-Th7combination of substances with oxygen 
when attended with the evolution of heat and light, is called 
combustion Substances which burn in air do so with greatly 
eXanced brilliancy in pure oxygen, since the nitrogen m air act. 
as a diluent absorbing part of the heat given off m the com- 
bustion Many substances, such as phosphorus, oxid.se slowly 
bustion. y oxygen, without catching fire, because 

the^hcat produced is dissipated too rapidly to raise the mass to 
the ignition point. Oily cotton-waste, or damp hay, 

may ^become^ heated to the ignition 7s 

pxnoscd to air. This slow process of oxidation is known a. 

fmn The ‘ drying ’ of oil-paint or varnish is really a 
;"o7autTx^daS ^he linseed oil in the paint or varmsh 
process o nwacn from the air and becomes solid. The 

may be hastened by adding salts of certain metals 
, lead aL manganese) which act as catalysts and are caikd 

^Fine coal containing iron pyrites (iron disulphide, FeS^) 
is liable to catch fire spontaneously if left about in mine., 
producing wSt are called ‘ gob-fires ’ Rotten wood is slowly 
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oxidised away by bacterial action, and very often glows in the 
dark. The fading of coloured fabrics on exposure to light 
is usually accompanied by oxidation. Sewage is purified by 
free exposure to air, so that oxygen is dissolved and acts upon 
the organic matter in presence of bacteria. Vinegar (a 
weak solution of acetic acid) is made by the oxidation of the 
alcohol in beer or wine when exposed to air in presence of a 
ferment. 

Experiments on combustion. — The combustion of solids, 
such as phosphorus, sulphur, and carbon in oxygen may be 

demonstrated by the following experi- 
ments. The substances are contained 
in the bowls of deflagrating spoons^ 
ignited by heating in a flame, and 
placed in jars of oxygen (Fig. 184). 

The white phosphorus is cut under 
water, a small piece rapidly dried by 
pressing between filter papers, and put 
in the spoon with dry crucible tongs. 
The dry phosphorus must on no account 
be handled with the fingers^ as it may 
take fire. The phosphorus burns in 
oxygen with an exceedingly brilliant 
white flame, producing a dense white 
cloud of phosphorus pentoxide which 
settles in flocks on the sides of the jar 
if this is quite dry : 



I‘iG. 184.— Gas Jar and 
Dei'lagrati.ng Spoon. 


4P + 502 = 2P«05. 


When water i.s poured into the jar 
.... ^he oxide dissolves, and phosphoric 

acid tormed, which changes the colour of blue litmus to 
red : 

f- HjO = 2HPO3 (metaphosphoric acid) ; 

HPO3 T HoO = H3PO4 (orthophosphoric acid). 


A piece of roll sulphur when ignited in a spoon bums with a 
hnght blue flame when introduced into a jar of oxygen. The 
gas sulphur dioxide. SOj. is the main product of the combustion, 
t>ut a little solid sulphur tnoxide, SO3, is also formed, which 
renders the gas slightly cloudy : 


S + 0 . = S 0 ,; 

28 + 302 = 2863. 
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When shaken with water, the products of combustion dissolve, 
yielding a solution which reddens litmus . 

SO, + HjO = H2SO3 (sulphurous acid) ; 

SO3 + H2O = H2SO4 (su)phuric acid). 

A piece of wood charcoal strongly heated in a spoon burns 
brightly, often throwing off bright sparks, when pl^aced in 
oxygen. Carbon dioxide. CO3, is the chief product of the re- 
action, although a little carbon monoxide, ts generally 

formed A flame seen over the burning charcoal is due to the 
combustion of the carbon monoxide to carbon dioxide : 

C + 02 = C02. 

2C + 0 , = 2 C 0 , 

2C0 + 02=2C02. 

When shaken with water, a little carbon dioxide dissohxs, 
forming a solution of the very unstable carbonic acid, H2CO3 
which changes the blue colour of litmus to a port-wme red 
colour, quite different from tbe bright red produced by the 

other acids ; H3O + CO2 = HoCOg. 

Carbon monoxide is insoluble in water and has no action on 

“'Phosphorus, sulphur, and carbon on combustion give acidic 
oxides / r oxides which yield acids on solution m water (p. 145). 
Some metals burn in oxygen to form basic ondes, ;.r., oxides 

reactimr with acids to form salts (p. 14b). 

MagLsium ribbon, if ignited m air and inserted into a > 
of oxygen, burns with a blinding white light forming white 
solid magAesium oxide, MgO, which is a weakly basic oxide 
and turns red litmus paper blue when moistened and laid 

"^Sodbim and potassium, when heated in iron deflagrating 
spoons until they begin to burn, and then lowered into dry 
roxygen. burn with bright yellow and purple flames respec- 
tively^ forming orange-yellow solid peroxides w/ien co/d, 

may be dissolved in water with evolution of ox>jen and formation 
of strongly alkaline solutions which turn red litmus blue and 
contain sodium and potassium hydroxides : 

2Na + 02 = Na202 (sodium peroxide) ; 

2Na,0,’+ 2H,0 = 4NaOH (caustic soda) + 0 . ; 

^.+02 = KO2 (potassium dioxide) ; 

4K02 + 2H20=4K0H (caustic potash) + .^Oa. 
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A spiral of iron wire, tipped with a bit of burning wood, bums 
brilliantly, giving off a shower of bright sparks, when lowered 

into a bottle of oxygen (Fig. 185). Black 
oxide of iron, Fe304, is formed in fused 
globules, which fall on a layer of sand. 
Oxide of iron has no action on litmus. 

A jet of hydrogen bums in a jar of dry 
oxygen, producing water, which (Fig. 1 86) 
condenses in drops on the cold sides of 
the jar: 2H2 + 02 = 2H20. If a jet of 
oxygen is thrust into an inverted jar of 
hydrogen, burning at the mouth, the 
oxygen takes fire, and continues to bum 
in the atmosphere of hydrogen (Fig. 187). 
The terms combustible, and supporter of 
combustion, are, therefore, purely relative. 

Many comljustible substances, in a 
finely divided condition, ignite spon- 
taneously in air or oxygen. For example, 
finely divided lead, called pyrophoric lead, 
catches fire and glows when a tube containing it is cut open and 
the powder shaken out into the air : fumes of lead oxide are 


Oxygen 

Oxide 

Sand 


Fig, 185. 

Iron Wire Burning in 
O.XYGEN Gas. 



Fig. 1S6. — Hydrogen burning in Oxygen. 
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formed (Pyrophoric lead is made by heating lead tartrate.) 
Finely divided phosphorus, left when a solution of white phos- 
phorus in carbon disulphide is allowed to 
evaporate spontaneously on a piece of blotting 
paper, also ignites spontaneously in air. 

Technical uses of oxygen.— Compressed 
oxygen gas is used for the ory-hydrogen and 
ory-acetylene blowpipes. 

When oxygen and hydrogen are supplied 
separately to a blowpipe jet consisting 
(Fig. 188) of two concentric tubes, the oxygen 
being inside, a blue, pointed, intensely hot 
flame is produced, in which platinum wire 
readily melts. If the ory-hydrogen (or oxy-coal 
gas) flame impinges on a small cylinder of 
quicklime, which is very infusible, an intense y burning 

white light (limelight) is emitted by the mean- hydrogen. 

"hc™^-acetyle»e blowpip. (Fig. 189). acetylene gas takes 
the place ofhydrogen, and the flame is so hot that steam is prac- 
tically completely dissociated, and the reaction is 

C2H2 + 03=2C0 + H2. 

The flame is therefore strongly reducing, which makes it very 
suitable for welding metals. 



0 



it// 


Fig 188— The Oxy-hydroce.n Blowpipe (Section). 

HVDBOOtS .-MtRS THKOLOH H AVD OXYCEN IHRO.IO.. O. 

In cutting iron or .steel a third tube is used inside the other 
twL an^ when the metal is heated by the flame .0 a high 
temneraturc this inner oxygen jet is turned on. 1 he iron 
itself* then burns brilliantly, emitting showers of sparks, and 
ranidlv fuses away. Since the oxygen jet is narrow, a very 
ckan cut is produced. Plates of steel can be rapidly cut 

'^cS''gas can be used in this blowpipe. Steel ships and 
the framework of building.s can be cut up rapidly by the 
Mowpipc, which is also used by the scientific burglar in open- 
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ing safes. Gear wheels are hardened under water with the 
blowpipe. 



ImG. !»<). — OXY -ACETYLENE BLOWPIPE. 


Liquid oxygen finds a use in admixture with charcoal powder 
and oil jls an explosive, which is used in the Lorraine iron 
mines and served in the blasting of the Simplon Tunnel. If 
tlie shot doe.s not fire, the liquid oxygen evaporates and it 
becomes harmless. 

Liquid oxygen, kept in large metal Dewar vessels (shown in 
the lower right-hand comer of Fig. 183), is also used to provide 
o.xygen giis for rescue work in mines. The gas is used mixed 
with some carbon dioxide, which stimulates respiration. Ether 
vapour used as an anaesthetic is administered mixed with 
oxygen. 

The test for oxygen is the rekindling of a glowing chip : 
nitrous oxide also gives this result but can be distinguished from 
oxvgen by other tests (p. 395). 

Heat of combustion. — By the combustion of substances in 
oxygen large amounts of heat are given out. In ever}'day life 
we generally make use of the combustion of coal or gas in air 
(containing oxygen) as a source of heat. Chemical reactions 
accompanied by the evolution of heat are called exothermic. 

In the decomposition of mercuric oxide heat must be applied, 
and the reaction, which is accompanied by the absorption of 
heat, is called endothermic. 

Coal-gas is now sold on a basis of calorific value, the 

lu'ating value of the gas \vhen burnt. The unit of calorific 
'■alue is the therm. This is based on a unit of heat different 
trom the calorie, viz. the British thermal unit (B.Th.U.), which 
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is the amount of heat required to raise the temper^ure of one 
pound oi through one degree Fahrenheit <B;Th.U -250 

'Glories). A therm is 100,000 B.Th.U. 500 ® 

cubic foot is a common value for towm gas. This is a much 
fairer method than the old way of ^'^ply charging so much 
per thousand cubic feet, independendy of the 
els. If the calorific value is 500 B.Th.U.’s per cu. ft., then 
fooo cu ft. = «; therms. The price per therm, of course, \anes. 
The eas company may declare the calorific value of the gas it 
Jupplfes aTdThl is\hen regularly tested by .ndependen. 

^’‘ThlTxygen, which is equally as essential as gas or coal in 
producing Lat, is supplied free in the atmosphere. 


Ozone 

Ozone —The invigorating properties of sea air arc popularly 
attributed to ‘ ozone,’ and this substance is produced by elcctru 
d charges °n the atmosphere, and especially by the act.on of 
u ra viokt light from the sun on the oxygen in the upper layers 
of the aJls^hcre. Normal air contains about .o- per cent. 

liv volume of ozone (Paneth, 193®)- , . , • • •. c 

V^n MarZ in 1785 noticed that the a.r m the vicinity of 

an electrical machine in active operation acquires a peculiar 

smel a^^dlam^hes mercury. This smell is easily noticed m 

rohysks lab^tory when experiments on electrostatics are in 

B ^ /““KinVlf «h^nk in i8oi observed the same smell in 

Svtic oxyt^ but the ftet that the odour is due to a 

pecrar gas wa"s only recognised - Sfonbein, w^o 

pve the -!j“'“-;‘’;Xc:d7;th?dot ^xiditi^^f phos- 
X^Uoi’^air: ^n^ is capable of liberating iodine from 

’’Tfr’sdctfof freshly scraped phosphorus are placed in a 
A lew sucKb u j wTtrr When the fumes have sub- 

stoppered bottle with a I t, le wa.en Whe^^^^^,^^ 


'’°OMne'‘is a powerful oxidising agent. It is difficult ^ obtain 
Uzone IS a lo , 5u, a mixture of ozone with oxv 

^ror^whh'aiT Is7a:i^y" made by the action of a 'silent electric 
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discharge * on these gases. The best apparatus for the experi- 
ment is Brodie's ozoniser (Fig. 190). * 

The oxygen, or air is passed slowly through the annular 




Ozonised 

Oxygen 


Oxygen 


space between two glass tubes, the inner 
tube being filled with dilute sulphuric 
acid or copper sulphate solution, and the 
whole apparatus placed in a jar of the 
same liquid. The two wires from a coil 
dip into the two liquids, which form elec- 
trodes, and at the same time serve to cool 
the apparatus. A bluish-violet glow is 
seen in the glass surfaces, accompanied 
by a hissing noise ; there should be very 
few sparks, as these destroy ozone. The 
gas is conducted away through glass 
tubp with ground-glass joints, or joints of 
ordinary corks. Rubber is very quickly 
destroyed by ozone. 

Siemens’ ozoniser (Fig. 191) consists of 
two concentric glass tubes, the outer 
covered, and the inner lined, with tinfoil 
to form the electrodes. 

^ II ozone in the apparatus is detected by the 

smell of the issuing gas and its action on starch-iodide paper : 

O3 + 2KI H2O = 02 + 12 + 2KOH. 

Only one of the oxygen atoms in the ozone molecule oxidises 
the iodide : the other two appear as a molecule of ordinary 



Fig. 190. 

Brodie's Ozoniser. 



Fig. iot. — Siemens’ Ozoniser. 


oxygen. Chlorine, hydrogen peroxide and oxides of 

nitrogen also liberate iodine from potassium iodide ; 

2 KI +CU = 2KCl + l2; 

2KI + NO2 + H.O = 2KOH + NO + I,. 

M 
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When the gas coming from the ozoniser is passed through a 
heated glass tube, all the ozone is converted into oxygen : 

203 = 303. 

Ozonised air is used for sterilising water, and ^o 
used in removing unpleasant odours from air 
e.g., underground railways. A cunous use of ozone is m the 

conversion, by oxidation, of oil of clo\es 
into vanillin, the material which gives 
the odour and flavour to vanilla, and is 
used instead of the natural materi^ in 
flavouring custards, chocolate, etc, 1 nis 
artificial vanillin is made on a large 

scale at Niagara. r a 

The formula of ozone, O3, was found 

by Soret. If we suppose the whole of the 
ozone present in a given 
ozonised oxygen to be absorbed by 
of turpentine (which absorbs ozone in 
toto), and if we then suppose the ozone 
contained in another equal volume of 
the same ozonised oxygen decomposed 
by heat, the equation 

203 = 3^*2 

shows that if the formula of ozone is O3, 
the contraction on absorption is tzvice the 

expansion on heating. 

Instead of measuring the expansion 

when ozone is converted into ox> gen 
traction of a given volume of oxygen 

when it is ozonised, an v- ’ ^ j measure the 

s.,, i s- .. 

glass tubes, the dilute sulphuric acid, and the 

joint. The inner contams supported in a 

apparatus, ^ ^ Two wires^rom the coil dip mlo 

jar of water and ^ froni the inner and outer 

luL'sTttTn turpentine is Ireld in positron 



Fio. 192.— ArPARATOS 
FOR DETERMINING THE 

FOBMUI.A OK Ozone. 
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in the annular space. The manometer, containing concentrated 
sulphuric acid coloured with indigo,is in communication with the 
apparatus. The levels are adjusted, and the oxygen is ozonised. 
The contraction, after cooling, is read off on the gauge. The 
inner tube is then twisted, so as to break the tube of turpentine, 
and after absorption is complete and the original temperature 
is restored, the further contraction is read off. It will be found 
that the contraction on absorption is twice the contraction on 
ozonisation. 


CHAPTER XVII 

hydrogen 

History.-Hydrogen gas (H^ was probably first P^Pared by 
Boyle from steel filings and hydrochloric acid as well as from 
iron nails and dilute sulphuric acid, although \ an Helmont 
(i6aS) had described an inflammable gas (gas pifiguf) It Nvas 
^refully invesfigated by Cavendish in .766 and called by him 

inflammable atr, 

O 



Fig. 193.— Pkeparation of Hydrogen. 
Oceurxenee.-Hydrogen is said to occugn^,‘heJree^sta.e in 

some volcanic gases, and the - largely of hydrogen, 

found by spectrum iron. The 

rrttcifrprodurcol? g"s and^ater gas contain large amounts 

of free hydrogen. 
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Hydrogen in combination is more common. With oxygen it 
forms water, H2O ; with sulphur, sulphuretted hydrogen, HjS, 
and with carbon it forms a large number of compounds called 
hydrocarbons, which make up petroleum. All organic sub- 
stances, of which vegetable and animal tissues are composed, 
contain hydrogen, and this element is an essential constituent 
of acids and alkalies. 

Preparation. — The laboratory method of preparation of 

hydrogen is to act upon granulated zinc in a flask or Woulfe’s 
bottle with dilute sulphuric acid (i vol. cone, acid to 5 vols. 
water) or dilute hydrochloric acid (i vol. cone, acid to 4 vols. 
water), poured in through a thistle funnel (Fig. 193) : 

Zn + H2S04 = ZnSOj + Hj, 

zinc sulphate ; 

Zn+ 2HCl = ZnClo + Hg, 

zinc chloride. 

The zinc salts remain in solution in the flask ; the hydrogen 
is collected over water. Instead of a flask, Kipp’s apparatus 

(Fig. 194) may be used, the metal 
being placed in the central globe 
B and acid poured in the top 
funnel until the lower bulb A is 
full, and the metal covered with 
acid. When the tap E is closed 
evolution of gas continues until 
the liquid is forced by pressure 
partly into the upper globe, and 
the metal is brought out of con- 
tact with the liquid, when the 
action ceases. 

The Kipp’s apparatus may be 
used for the generation of gas 
from any liquid reagent and a 
.^olid which can be obtained in 
the form of lumps which do not 
Tk;, m-} — l^ipp's App.\RATi-5. disintegrate in contact with the 
, , , , , liquid, e.g., carbon dioxide from 

marhie and hydrochloric acid, and sulphuretted hydrogen 
fn.m ferrous sulphide and hydrochloric acid. Since hydrogen 
IS very much lighter than air it mav also be collected by 

upward dLspIacemcnt (Fig. 195). U niav be dried by calcium 
chlonuc. ^ ^ 
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Hydrogen is also liberated by the action of dilute hydrochloric 
or sulphuric acid on iron (which gives a ^^'hor impure gas wnh 
an unpleasant odour) or magnesium, or by the action of ho 
concentrated hydrochloric acid on tin . 

Fe + H2SO4 = FCSO4 (ferrous sulphate) + ; 

Fe + 2HCI = FeCIi (ferrous chloride) + H2 ; 

Mg + H2SO4 = MgSO^ (magnesium sulphate) + Ha ; 

Mg + 2HCI = MgCU (magnesium chloride) + Ha , 

Sn + 2HCI = SnCla (stannous chloride) + Hg. 

Before collecting hydrogen great core must sTneZ 

that all the air has been displaced from the 
mixture of hydrogen with air is explosive. A little of the g. 

is first collected in a test-tube and a 

flame applied : the gas in the tube should 
bum slowly and quietly, and not explode. 

(The mere absence of explosion is mis- 
leading, since the first portion of gas 
collected may be air : the gas following 

this is highly explosive.) , j k„ 

Copper and lead arc not dissolved by 

acids with evolution of hydrogen, anc 

the action of nitric acid on metals nearly ' _J ^ 

always gives oxides of nitrogen, no CrtTi^rTiNr 

hydrogen (p. 390)- . • hydrogen (or other 

and very dilute nitric acid, hyurog lioht gases) by Upw.^rd 

evolved • Displacement. 

‘‘'Hytoge^ from “waten- Hydrogen it produced from water 
by electrolysis (p. 1 10) • 

Thernemls pomssiurn sodiurn an^^calcmm^^ 

front water, the acnon of ^hc fi ,he®aclion of potassium 

colorr/flalc a J^anrl^obtained by dissolving sodm.n 

in mercury, decomposes water quiet y . 

2K + 2H20 = 2K0H + H2; 

2Na + 2H20-2NaOH - 1 - Hj ; 

Ca + 2H20 = Ca(OH)2+ H2. 
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Iron, zinc, and magnesium decompose steam when heated 


Zn + HgO = ZnO + H2 ; 

Mg + HgO^MgO + Hj; 
3Fe + 4H20^Fe304 + 4 H 2 . 


The preparation of hydrogen from steam and iron has been 
described on p. 109. The process is used on the technical scale, 
the oxide of iron formed being reduced by water gas, containing 
hydrogen and carbon monoxide, formed by passing steam over 

red-hot coke • C H^O = CO -t H, ; 

Fe304 + 4CO = 3Fe + 4CO2 ; 

Fe 304 + 4H2 = 3 Fe + 4H26. 


In another technical process hydrogen is obtained from 
water gas itself, which is mixed with steam and passed over a 
catalyst composed of ferric oxide containing nickel and 
chromium oxides which increase the activity of the iron oxide 
and are called promoters. The reaction is : 


CO + HaO^^COa + Hg. 

The carbon dioxide is removed from the gas by washing with 
water under pressure. Immense quantities of hydrogen are 
prepared in this way for the production of synthetic ammonia 
(p- 37 Q)- 

Hydrogen may also be prepared in the laboratory by heating 
zinc or aluminium with a solution of caustic potash or soda. 

Zn + 2KOH = Ho + K2Zn02 (potassium zincate), 

2AI j- 2NaOH -t- 2H..O = 3H2 + 2 NaA 102 (sodium aluminate). 

Properties of hydrogen. — Hydrogen is a colourless gas which 
when [)urc has no smell or taste. It does not support respiration 
although it is not poi.sonous. Hydrogen is the lightest gas 
known, and i?. used in balloons and airships, although its inflam- 
mability makes it dangerous for this purpose. Coal gas, which 
contains hydrogen, is often used in balloons, and helium, the 
next lightest gas to hydrogen, is used instead in airships in 
America fp. 400). Considerable quantities of hydrogen are 
used in making solid fats from oils (oil hardening). Hydrogen 
burns in oxygen or air, forming water ; 

2 H2^ 02 = 2H20. 

It does not support the combustion of a taper, as may be seen 
by passing a lighted taper into an inverted jar of hydrogen. A 
jet of oxygen, however, will burn in hydrogen (p. 282). A 
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i;i.a=B?Sd.."sw;. i ' ■" 

to the metallic condition, and water is produced . 

CuO + Hz^Cu + HjO 

(./. p. 1 . 3 ). Some oxides, zinc and aluminium oxides, are 
not reduced by hydrogen. mixture of hydrogen and 

bright sunlight. Hydrogen chloride is formed . 

H2+Cl2 = 2HCl. 

Hydrogen will unite with nitrogen in presence of a catalyst, 
amnfionia gas being produced . 

N2 + 3H2^2NH3. 

Hydrogen combines These^'compounds when pure 

sodium or potassium hydride. int5>c y 

are colourless salt-likc substances . 

2Na + H2==2NaH ; 

2K+H2=2KH. 

Hydrogen is Tythi^ PdiH^^^secms to be formed 

(p. I i6j . in this case little ferric chloride is added 

Active or nascent • Sulphuric acid which is evolving 

a “a* » . r™. 

i, red b, HC,. 

No such change, is produced by bubbling gaseous hydrogen 

through the solution ^Har activity of the hydrogen in 

It IS supposed the p (new-born), /.c., m 

such cases is due to the lac and that the nascent 

the act being then in the state of 

r^rwHch hl^not time m join up to form molecules before 

Naset? hydrogen is also formed a. the cathode in electrolysis ; 
the hydrogen ion" are deposited as atoms. 
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Catalytic combustioii. — Although oxygen and hydrogen do 
not combine at the ordinary temperature, a jet of hydrogen is 
inflamed if directed on a little platinum sponge. The same effect 
IS produced by a bundle of fine platinum wires, which become 
red-hot and then kindle the hydrogen (Dobereiner, 182^). This 
IS a catalytic action (p. 275). 

D6berem6r’3 kmp (Fig. 196) is a small hydrogen generator. 
A glass tube, with a stopcock and jet at the top, is held 

in dilute sulphuric acid. A piece 
of zinc hangs inside the tube, and 
the gas generated displaces the 
acid until it is no longer in con- 
tact with the zinc, when action 
ceases. Opposite the jet is a 
sponge of fine platinum wire en- 
closed in a brass tube, and when 
the tap is opened the stream of 
hydrogen ignites. This property 
has been applied in automatic gas 
lighters, which contain fine plati- 
num wires in a perforated brass 
tube. The wire fairly soon loses 
its activity. 

• Atomic hydrogen . — Langmui r 
. , , , hiis shov-'n that w'hen hydrogen is 

strongly heated, say by contact with a tungsten wire heated 
by an electric current, and surrounded by hydrogen gas at low 
pressure, us molecules are dissociated into atoms: 

This splitting of the hydrogen molecule is attended by the 
absorption ol a large amount of energy, about 100,000 calories 
per gram-molecule. The atomic hydrogen so formed is chemically 
\ery active. Langmuir also showed that atomic hydrogen 
IS formed when an electric arc between tungsten electrodes 

hydrogen at atmospheric pressure 
U ig. 197)- I he atomic hydrogen was blowm out of the arc by 
a jet of molecular liydrogen directed across the arc, and formed 
a intensely hot flarne, which is capable of melting tungsten 
(m.pt. 3400 J. This flame obtains its heat not from combustion 
bu froin the recombination of hydrogen atoms to H,. It is 

welding many metals. Iron can be 
melted without contamination with carbon, oxygen, or nitrogen. 

orause of the powerful reducing action of the atomic h>'drogen, 
alloys containing chromium, aluminium, silicon, or manganese 



Fig. 19O. — DSbereiner's 
Lamp. 


atomic hydrogf.n 


-'‘5 


can be mel.ed without fluxes -|;^-‘Uht;;Lh S elut 

A feature of the flame is ''’'^■.f.''“Y verv important in weldmu 
be delivered to a surface, which . ■, burning <i.;s and 

operations. Whereas an ordinary bla.t-lainp hurni . ^ 



F,o. .07 -th. .rr . 

o.S=^r.^::s-uU:.r^.Kr..n«c.> ..o ........ k... ^c.Kcv 

MELTJSO IS A \ . 

npr so cm , the atomic hydro^ui 
air delivers about 57 curious that ejuartz is very 

flame can deliver ovc-r looo- ' rapidlv in the tUnu-, it 

difficult to tnelt : mnanl: viscous, 

does not melt to a mount i 
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COMPOUNDS OF HYDROGEN AND OXYGEN 

"Rydiogen and oxygen form two compounds : 

water, H2O (hydrogen monoxide) ; 
hydrogen peroxide, HgOg. 

Water. — The history of the discovery of the composition of 
water has been fully described in Chapter VI. The occurrence 
of water is too well known to need description, and its preparation 
simply involves the purification of a natural water by distillation 

(p* 3-)- may, therefore, pass at once to a consideration 
ol the properties of water. 

The ph3^cal properties of water. — Water exists in three states 
of aggregation : solid (ice), liquid (water), and vapour (steam). 
W mit IS ordinarily called ‘ steam ’ is not true water vapour, 
which is invisible, but a mist of small droplets of li<^uid water. 

If water is boiled in a flask fitted with a short bent tube, a 
cloud of ‘ .steam ’ issues from the tube, but the interior of the 
flask, which is filled with true water vapour is quite clear. If a 
Runsen flame is held below the delivery tube, the mist disappears. 
A short distance from the tube is also seen to be clear in the first 
part of the experiment. This consists of vapour which has not 
cooled to the condensing point. 

Liquid water possesses a faint though distinct blue colour, 
which IS s(;en when light is passed through a long tube of water 
closed at the ends with pieces of plate glass. Ice also shows 
the same colour in large masses, as in the crevices of glaciers 
or ice-floes. The deep blue colour of certain clear lakes, how- 
ever appear.s to be due to light scattered from fine particles of 
solid matter in suspension. 

The expansion of water bv heat is peculiar. From o® to 4® 
the liquid cofitracis ; beyond 4® it expands. Thus, at 4® water 
H in a state of marimum density, and then expands either on 
heating or on cooling. Owing to this property, exposed water 
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which heat is only very slow ^ ter is abnormal : it is. in 

ne^^ r -norma, sobs.ances 

.ower ‘pi^^ 

floats on water, and "-'ter exp. j,[,^.;ous when a thaw sets m. 
are burst on freezing ; the re. - dosed with screw plugs 
Cast-iron bottles filled with 'va'^r ^ The formation 

are burst when “."nKn-f ^ m a in the gradual disintegration 

of ice in the crevices ot rocks “ ■ T' in tpe cvlinder jacket- 

of the latter, and the l[<:"'ne °f ' I" “..oki and damage, 

and radiators of automobile ''’k ,,i^.sijed) svstem. Reautitul 
Ice crystallises jn snowflakes are examined on a 

crystals are seen (Fi„. > > q-, , bubbles in ice are coin- 

ed 'l^l^r^^n^hirZXd in the water, and is liberated 


\ 



P„ ,„8 -rORMS OF SIX-SIDEO (l, FXAGON.VL) ICE 

Ckystm-s. 

■ -e the freezing is carried nut 

on freezing. In air bubbles have an opportunity 

slowly, with agitation, so . j are immersed m 

.0 ,ip.. , “Id a .■.I.i.b '“y"*' 

IZ'. r'ZZl. .“Z." “» - '• 

a refrigerating '\j?^hiY no substance more difticuU 

Pure water.-There IS pr^bab^^^^^^^^^ U is a close 

to obtain in a ° universal solvent, of the alchemists, 

XceT dissolves traced of practically everything with which i. 
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is brought in contact. For chemical purposes, water is purified 
by distillation, preferably in a copper vessel with a copper or 
pure tin condenser. Distilled water, which is made on board 
ship, has an unpleasant ‘ flat ' taste : for drinking purposes 
it is aerated and small amounts of certain salts added to it. 

Natural waters. — Water as it occurs in Nature contains various 
impurities, present in amounts varying considerably with the 
particular source of the water. The following division of natural 
waters is convenient : (i) rain water, (2) river water, (3) spring, or 
deep well, water, (4) sea water, and (5) mineral waters. 

The impurities in natural water are of two kinds : (i) 
.suspended impurities, both mineral and organic ; (2) dissolved 
impurities, both solids (mineral and organic), and gases. 

Rain water always contains impurities, especially if it is 
deposited in the neighbourhood of towns where coal is burnt. 
Dissolved atmospheric gases (oxygen, nitrogen, carbon dioxide), 
and .sodium chloride, derived from sea spray carried inland by 
winds, are invariably present. Nitrous and nitric acids, pro- 
. tluccd by electrical discharges (lightning), are nearly always 
present in the forms of ammonium nitrite and nitrate, and some- 
times free ammonia occurs. In the vicinity of towns, sulphuric 
acid, from the sulphur dioxide formed by the combustion of 
coal (which contains iron pyrites, FeS2), is present. The sus- 
pended impurities, chiefly soot from fuel smoke, arc contained 
in larger amounts in rain falling near towns. 

River water is rain water which has percolated through the 
surface soil, and taken up salts, organic matter, and suspended 
matter, such as clay. I he dissolved matter is especially marked 
when the water has passed through limestone or calcareous soil 
O.t’., soil rich in calcium carbonate), because the carbonic acid 
present in the rain, produced from atmospheric carbon dioxide, 
f C)., - H^O. diot dissolves the carbonates of calcium and 
magnesium, forming unstable soluble bicaxbonates ; 


H .O + CO. ^ Car 03 v=^Ca(HC 03)2 ; 

II,( ) t- CO, - MgC03^Mg(HC03)2 : 

\\hicli are tlrrived from two molecules of carbonic acid in which 
fine f.vdromn atom from each molecule has been replaced by 
ihc biv.dcnt metal, calcium or magnesium : 


\UCO^ Ht'Ca . H 
lU'Oa HCO^ . H 

Temporarily hard water.— The 


HCO 

HCO 


3>Ca. 


lormation of calcium bicar 
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bonate is shown by passing a 

TS& p™..>..- : 

Ca(OH), + CO2 = CaCOa + H^O, 

p., .. ,h. ..rbon *;» Ji 

this precipitate gradually dissolves, 
calcium bicarbonate is formed : \ 

CaC03 + H20 + C02 = Ca(HC03)2. 

on the solution, carbon dioxide escapes and calc.um 

Hard water o^^ magnesium 

t^adlirng iusf efou^Unte \vater to precipitate the calciunt 
bicarbonate: . ,w n 

Ca(HC0,) + Ca(0H). = 2CaC03 + 2H£0. 

^o"‘ ^Cipt" rg'ne" rn;tl:^tbonai. if present, as n.ag- 

""m mcS^"".Ca(OH), = Mg(OH), + .CaC03. aH,0. 

The'softening of temporarily hard water by adding lime is called 

“1?^r=honate ^ a^^es ~ 

carbon dioxide (“tbonic ac ^ ^ reddish-brown 

FelHCOjlj. On ‘ ,®’ Fe(OH)3, is thrown down, since 
?^rT“m;°^'rrbonl"'is''‘readt^ oitdised by atmospheric 
oxygen: ,FeC03 -t 6H3O -i - 03 = 4 Fe( 0 H )3 + 4C03- 

A similar ochre-like deposit 

•rium 

hydroxide Whmh ad er^at^rs often „„ near coal mines, and 

rhrdtsohld imn comes from the oxidation of pyrites, FeS3. 
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Waters containing magnesium and calcium carbonates held 
in solution by carbonic acid, when they fall in drops from the 
roofs of caves, lose the carbonic acid by evaporation and deposit 
the insoluble salts in the form of pendants, made up of several 
concentric layers, and known as stalactites (Fig. 199). The 

drops falling on the floor of 



the cave also deposit salts, 
and another concretion called 
a stalagmite, growing up- 
wards to meet the stalactite, 
is formed. Small stalactites 
are formed under brickwork 
arches even in localities where 
the water i.s soft. These are 
derived from the calcium 
carbonate in the mortar, 
which is dissolved by the 
carbon dio.xide in rain 
water. 

Temporarily hard waters 
cause waste of soap, since 
they precipitate the sodium 
salts of fatty acids in the 
soap in the form of calcium 
and magnesium salts, which 
also carry down some soap 
with them. 

Permanently hard water.— 

A dilTerem kind of hardness 


MI TF ^ 



-N s ( \\ 


rn;h ) o iJj.) 

AM/ StaLAG 
i Chkigiar. 


i.'i that due to the presence of 
- ihe sulphates or chlorides of 
calcium and magnesium, de- 
rived from the soil. These 


ar<' not preer >:! .< ;i c I . >0 }jf>i!inLr, and cause permanent hardness. The 
water may. 1;’. . ddi’iun. j temporary hardness. If such 

uatiT> are i-v..; (ir.ited in b./iler-. calcium sulphate is deposited 
‘b ‘‘'■'‘>t-dliiu“ scale, which may impede the trans 
mi.'sion heat, .'^uch uajicr,*; cau.'.e waste of soap in laundry 
w.»rk for the .‘-ame rea.'on as temporarily hard water. Per- • 
mancritly hard waters .ir/ softened, for example, for use in 
iaundrie> or in ste.irn bnil. r'. by ad<ling a mixture of caustic 

'..1 and >odiuni <‘.irbc'n.iir. when both temporarv and per- 
manent hardnes.- arc renioved • 
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C^SO, + Na^COa = CaCOj + Na^SO, (soluble). 

Ca(HC03)2 + 2NaOH = CaCOj + NagCOa + 2H2O. 

Other chemicals used for softening water m laundries are 
ammonia (NH4OH, which acts like caustic soda), and borax, 

of r is Cans; pe^u. 

Permutit is a silicate of sodium and alummmm allied to the 
nat!^al mineral zeolites. On percolating hard water through it, 
the cat"m and magnesium sahs^in “er are 
rpnlAced bv an equivalent of sodium salt. Ihe change is rt 
verstbTe and the permutit is re-activated by percolation with a 

“HaXL“nT.°nking water is not known to be injurious : the 
bicarblates gfve the later a refreshing taste and prevent tts 

-River water, which has previously percolated 
“Ztr ‘walrflow^rovl cultivated land contains, in addition 

to the above impuritks amm^onmm^salts,^ 

sodium -.-ojjcn The purity of the water depends 

ongin conlaini g g Thames water, flowing over soil rich 
on the nature of calcium carbonate 

in limestone con ams about . 7 m. mg 

per litre, ^rem wa^er.Jlow^, 

:rthe"Dec Don, draining the Aberdeen granite area, con- 
‘"s"pr^ r dmii? ll^rT frol' river water only in 

the " a\,er and nitrites may also have been 

^ o7ts°&, ^be dis^i^d ^ ;™p;;-s 

Jrs‘""rrest°i^ ei^ 

earlh’fl’ust to reappear to some extent in springs. This t)pe 


P.E.C. 
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by means of ozone (p. 287), or more usually by adding small 
quantities of chlorine or bleaching powder solution, which are 
powerful germicides. Free exposure to air and sunlight also 
causes sterilisation. Water for drinking purposes is usually 
filtered by passing it through layers of sand or porous material. 

Sea water. — Sea water contains a large proportion of dis- 
solved solids, about 3‘6 per cent, on the average, of which 
2*6 per cent, represents sodium chloride. Sea water also con- 
tains bromides and iodides, and bromine is now extracted from 
it (p. 330 - 

Mineral waters. — Natural waters containing special con- 
stituents not present (except in traces) in ordinary water are 
known as mineral waters. They are of seven kinds, according 
as the principal constituent is carbon dioxide, ferrous carbonate 
held in solution by carbon dioxide {chalybeate waters)^ sul- 
phuretted hydrogen {hepatic waters), alkalies, magnesium or 
sodium sulphates, silica, or iodides. Artificial mineral waters 
are made by dissolving salts in water and impregnating with 
carbon dioxide under pressure {e.g. soda water). 

Hot springs occur in various places, e.g., Buxton (28®) and 
Bath (47®). They often contain dissolved gas, including helium, 
and traces of radium emanation (p. 253), to which their medicinal 
properties are attributed. 


Hydrogen Peroxide 

Hydrogen peroxide. — The other compound of hydrogen and 
oxygen, hydrogen peroxide, is unstable and readily decom- 
poses into water and oxygen: HgOg^HgO + O; it is used 
cither in solution, or freshly liberated from compounds rich in 
oxygen, as a disinfecting or bleaching agent, the effects being 
produced by the oxygen liberated from the compound {nascent 
oxygen). Hydrogen peroxide was discovered by Thenard in 
1818. It occurs in traces in rain and snow, and is formed in 
small quantities when a hydrogen flame is allowed to play on a 
piece of ice : the melted ice contains a trace of hydrogen 
peroxide : H2 + Og = HjOg. 

Plydrogen peroxide is prepared by the action of acids on 
sodium peroxide or barium peroxide : 

Na„Oa + 2HCI = aXaCl + HjOg. 

BaO. + H^SO^ = BaSO^ + 
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In order to obtain a solution of hydrogen peroxide free from 

dissolved salts, barium peroxide and dilute sulphuric acid are 

generally used, the barium sulphate formed being filtered off. 
Phosphoric acid, which gives insoluble barium 
also be used, or barium peroxide may be suspended in water 
and carbon dioxide passed in, when insoluble barium carbonate 

is produced and may be filtered off . 

BaOg + HjO + CO. = BaCOa + 

The solution is fairly stable in presence of a trace of acid, but 
it is decomposed on boiling, or in presence of alkalies, oxygen 

being evolved : = + O,. 

The strength of the solution is often stated in terms of the 
volLe of Lygen produced from i volume of solution on boiling 
rJ ^ .o vol^mes ' and ' ao volumes ’ are common strengths, 
although ‘ 100 volumes ' solution is also manufactured. 

Pure hydrogen peroxide is a nearly colourless (pale blue) 
syrupy liquid obtained by distilling the solution under low 
Dres^ure ^ Water distils over first, and the kter fractions con- 
sS of hydrogen peroxide, which may be frozen to obtain it 

“tXgen pSe »lu“rons are often kept in bottles made 
of brown®glas^s to minimise the action of light, and the cork is 
first soaked in melted paraffin wax. A space must be left to 
allow for the oxygen slowly evolved. Hydrogen peroxide is an 
oritoinragent? IL atom of oxygen in the molecule is easily 

split off, leaving water : 

H2O2 = H20-i-0. 

It oxidises lead sulphide (black) to lead sulphate (white) : 

PbS + 4HJO2 = PbSO* + 4H2O, 

a reaction which is utilised in restoring old oil 
blackened by exposure, owing to the conversion of white lead 
(bas^c lead Lrb^^ate) in the pigrnents to black lead sulphide 

hv traces of hydrogen sulphide in the atmosphere. 

Hydrogen peroxide s/owfy liberates iodine from potassium 

iodide solution : ^ 2 KOH + 1, 

This may be used as a test, the iodine giving a blue colour with 
starc^plste. Another test is the production ot a deep blue 
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solution of perchromic acid in ether when a solution of hydrogen 
peroxide is shaken with acidihed potassium dichromate solution 
and ether. The ether floats to the top, and if even a trace of 
hydrogen peroxide is present, a blue colour is noticed. The 
oxidising action of hydrogen peroxide is used in bleaching 
delicate materials (wool, silk, ivory, feathers) which would be 
injured by chlorine : the solution of the peroxide is made faintly 
alkaline. Hydrogen peroxide bleaches hair to a golden yellow 
colour. It is a powerful antiseptic, and as it leaves no injurious 
products after its action, it is largely used as a gargle, etc. 
Hydrogen peroxide is used as an antic hlor to remove excess of 
chlorine from bleached fabrics : 

Cl2 + H202=2HCl+02. 

In certain'' reactions hydrogen peroxide appears to function 
as a reducing agent. Thenard (1819) found that gold and silver 
oxides are reduced by it to the metals : 

HgOa + AgaO = HgO + Oj 4- 2 Ag. 

Hydrogen peroxide forms a stable crystalline compound with 
urea, called hyperoL This liberates hydrogen peroxide when 
dissolved in water. The solid, which contains 30 per cent, of 
HjOa, is rendered stable by a trace of citric ,acid. 

The structural formula of hydrogen peroxide is H - O - O - H, 




CHAPTER XIX 

COMMON SALT. HYDROCHLORIC ACID. CHLORINE 

Common salt.-It will be convenient to commence the st“dy 
of theelement chlorine by some reference to its best known 
compound sodium chloride, NaCl, or common salt. After air 
and water there is probably no material so familiar as common 
tah S’ is mentioned in the oldest historical records we possess 
if u^ressendal constituent of food, about ap lb. per head of 

population being annuallx consu^^^^^ 

?t“rs”comald lA stn quantities In all the primary rocks, 
it IS comaintu . of ^vater to rivers, and 

thTnce\rthe sea, where the water re-evaporates whilst the salt 
remafns Average sea water contains about 3 per cent, of salt : 

Total percentage of solids - - - - 3 53 

Sodium chloride - - - * ‘ ! 


Potassium chloride 
Magnesium chloride 
Magnesium bromide 
Magnesium sulphate 
Calcium sulphate - 
Calcium bicarbonate 


- 10-20 
o-o6 
- 6-51 

- 3-97 

- oo8 

99-29 


The extensive deposits of rock salt, found in the earth in many 
localities, appear to have been produced by the evaporation of 

or^halite, is the crystalline variety, occurring either 
as cubic crystals, colourless when pure but often tinged yellow, 
brown or Lmetimes blue, by impurities, or else in large n^re 
or less coloured masses, which have a cubic cleavage. The 
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richest Engli^h deposits arc in the Cheshire district, at Northwich 
and Winsford. 

Besides rock salt, there are brine springs, yielding a nearly 
saturated solution of salt. From this brine, salt was prepared 
l)v the Romans during their occupation of Britain, by evaporation 
in square lead pans holding a few gallons. Fig. 200 shows 
two ancient ‘ leads ’ or salt pans excavated in Northwich. 




\\ lim >.!'<' ivn-cl there wire lour: unfortunatelv the others 
W'T- 1 uj, ,,nd I't.r old li-ad. One fragment recovered 

lo -': .1 Om:-!’!* -tore dealer, biars upon it in large letters, DFVE, 
k !' iu ntn.e of Chester, prohaMy indicating that ll^sc 
: .1":' .!..r >aii ['.ms wi re the properiv of the 20th Legion 
'I ; ’ll d tlirn . 'rite lart^'T p.in measures 3 feet 5 inches long, 
-• • 3A ini hes in Ifreadth. and has an inside depth of 4 inches ; 

i!.’ tiad itM’l! is about .\ inch in thickness. No other similar 
ji.tn- haw- ever been found. 

1 ig. 201 shows miscellaneous objects, viz. a wooden shovel, 
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ated near the salt pans, and used by the 
.per part of the illustration arc shown two 
barrows.’ used many generations 
salt They were filled with salt frohly 
s' and the ‘leach.’ or waste brine drained 
pure salt in the ‘ barrow.’ The smaller 
for carrying the salt, when sold in the 
the country. The art of ‘ barrow making 
d out in Cheshire. The two illustrated arc 
^ And were sDecialh' made. ncarl\ 
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cubes with hollow faces). In some works the brine is evaporated 
in vacuum pans under reduced pressure. 

In warm climates {e.g., the South of France) sea water is 
evaporated by the heat of the sun in large flat ponds, called 
salt meadows (Fig. 203) ; the salt so made is called solar salt. 

The mother-liquor, called 









» ZM I 







bittern, contains the mag- 
nesium salts and bromides 
(p. 330) of the sea water. 
This process was formerly 
curried on near Ports- 
mouth, and at Lymington. 

The industrial uses of 
common salt. — Besides its 
use in flavouring food and 
assisting digestion, com- 
mon salt finds a large 
number of applications 
in industry. Very large 
quantities of salt are used 
in the alkali industry, for 
producing sodium carbon- 
ate and caustic soda, and 
salt is also largely used in 
preserving fish and other 
foods. Salt is used in 
glazing common earthen- 
ware, such as drain pipes. 
It is used in melting 
snow and ice on roads, 
an effect iluc to the lower- 
ing of the freezing point 
A ^Ai.i \\oKK>. water bv the dissolved 

: ' * X • ; AV .Va'.d.j.j. . , - 

salt (|>. I 74). 

The history’ of chlorine. In n> 4 S (ilauber obtained a strongly 
.1 i.i --rini of salt by lie.itirm riioi^t .'.ilt in a charcoal furnace 
I ai-.d ii)nflen>ing tile lunies in receivers. A mixture 

*'• • ■ il . : . and copjx-r.is iferrou.- suijjliate) heated in the 
t iriiii” j.r.f a better yield. In 1 O 5 .S he obtained spirit of salt 
111 ii'idtii!” ( omrnon s.ilt with < nneentrated sul[)huric acid and 
i fc K n.'-iiig the lurne.s in water. The other product of the reaction 
was sulphate, called Glauber’s salt, Na 2 S 04 ,ioH 20 . 

In 1772 Priestley toun<l ih.it tlie product of the action of sulphuric 


5 ^- 

9 ^. 
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acid on salt was a permanent which could be collected o\er 
mercury, but was verv soluble in water. The solution of the 







Fjc. 203.— S.m.t Meadows. 

gas was spirit of salt, which was then called the oj 

muriatic acid (from Fatm == brine). Lacoisiir (I/89) 

garded it as the oxide ol an unknown element. 




.FftfcJ) o 




•1^1 




Fig. 204. Ai^pakatus used uv cW.auuer 

^ ./ ..T f A I-l’BSACf K>k nl^TILLATl<>^. WITH K^.tkl^TH^ <*. H. I 

Os^'Hp'lMTi' A Kcc.’.vpm .o.>..m. .n a l.-MO. W^t.K, A>.. UU.o« 

ariHOD or tossr.<.Tisc. two Keceivlk. tocihieR. 

/I rom Glaiiber'i rhi!oiof>hual l unut.ts. I 
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In 1774 Scheele examined the action of muriatic acid on black 
oxide of manganese, or manganese dioxide. He found that 
this dissolved in the cold acid with the production of a dark 
brown solution, which on warming gave off a greenish-yellow 
gas, which had a powerful odour and bleached vegetable colours. 
.Scheele regarded this gas as muriatic acid deprived of hs 
phlogiston by the manganese, and since he considered hydrogen 



he phloKMon ,],i. l„ the .ante thinp as mneiatie arid 

(.} hydri.g.-n: Muriatic acid - Hydrogen. This we now 
know to be «-orri-i t. 

In 17S5 lU-rthull.t found that when a solution of the new gas 
1:1 A.it. r wa> < to hglu. it gave off bulibles of oxvgen and 

rli a utir.n oi :nuriaii. acid. In accordan-w with Lavoi.sier s 
ilu or>. hr «onsid( red tliat the gas was a compound of muriatic 
.1' ul and oxygi n. .ir oiy-ir.uriatic acid. 

Uiv I.uv-s.ir an.l Then.ird in iSog heated sodium in muriatic 
•I' ld eas. anc lound tliai hydrogen w.ls .-volveil and common 
-d reinam.-d, I hey were unable to obtain oxvgen from the 
latter or to oxuh^e charcoal heated to whiteness in the gas. 
Nt\erilules-:. they decided m lavoiir of Lavoisier’s view and 
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rciected thd alternative that the gas was a ronipoun<l of 
■ oxy-muriatic acid,' whirl, was rrallv an cUn.rnt and 

The elcmcntarv nature of oxv-niuriatie aud ' 

strongly urged bv Uavy in iSio, He healed charcoal, -ulphur, 



, I \ i.t nrver ()htaiiK«l aiiv known oxygen 

and metals in th< gav clement, and (alhd 

bleach. 
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Chlorine 

The preparation of chlorine. — Chlorine is usually prepared in 
the laboratory by the oxidation of hydrochloric acid by free or 
combined oxygen : 

2HCl-i-0 = H20 + Cl2. 

Free oxygen will oxidise hydrochloric acid gas at a dull red 
heat in presence of a catalyst, e.g.^ when a mixture of air and 
hydrochloric acid gas is passed over heated pumice containing 
a copper salt : 

4HCI + 02 = 2H2O + 2CI2. 

A stream of air is passed through concentrated sulphuric acid 
in a Woulfe’s bottle, and concentrated hydrochloric acid allowed 
to drop slowly into the latter. The mixture of air and hydro- 
chloric arid gas is passed through a hard glass tube packed with 
pieces of pumice which have been soaked in a solution of copper 
chloride and dried, and the tube is heated in a furnace (Fig. 207) 



Fig. 207. — 0 .\’iD.\TioN of Hydrogen Chloride by means 
OF Atmoshhekic Oxygen in presence of a Catalyst. 
I^KINCII’LL OF THE DeaCON PROCESS. 

to a dull red heat. The gas may be passed through litmus 
solution, whicli is rapidly bleached by the chlorine evolved. 

I his reaction was used on the large scale for the production 
ol chlorine by Deacon’s process. It i.s not a convenient laborator)' 
nu-ihod. since the chlorine obtained is largely diluted with 
atrno'-phcric nitrogen. 

1 lie catalytic action of the copper salt is explained as follows. 
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The cupric chloride decomposes on heating 
chloride and chlorine : 

2CUCI2 = 2CuCl + Cl2- 


to form cuprous 


In presence of oxygen and cuprous chloride the hydrogen 
chloride is decomposed to form water and cupric chloride, and 

the reaction then begins again : 


HjO <- O 


H :C1 
H :C1 


CuCl 

CuCl 


2CUCI2. 


Copper sulphate if used as a catalyst is first converted into 

^^Hydrochloric acid may also be oxidised by combined 
The common laboratory method for the preparation of chlorine is 
to heat a mixture of manganese dioxide and concentrated hydro- 
chloric acid in a flask (Fig. 208). The reaction probably takes 



Fig. 208.— Pkepabation of Chlorine from Hydrochloric 
Acid and Manganese Dioxide. 

Dlacc in two stages, a higher chloride of rnangancse, MnCI, or 
MnCl is first formed in the cold as a dark brown solution 
which decomposes on heating with the evolution of chlorme and 
the formation^of colourless or faintly pink manganous chloride, 

MnClj: MnO, + 4HCl = MnCl4 + 2HjO 

MnCl4 = MnCIj + Cl2- 
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The complete reaction is therefore : 


MnOj + 4HCI = MnClj + 2H2O + CI2. 

The gas is washed .with a little water in a wash bottle to free 
it from hydrochloric acid and is then collected in dry jars by 
downward displacement, since it is more than twice as heavy 
as air. The residue in the flask is usually yellow, due to ferric 
chloride formed from iron oxide in the commercial manganese 
dioxide. 

Chlorine has a powerful action on the mucous membranes 
and the experiment must be performed in a fume cupboard. 
The gas may also be collected over a saturated solution of com- 
mon salt, but it is too soluble in water to be collected over that 
liquid, and it attacks mercury. Chlorine mav be dried by means 
of calcium chloride or concentrated sulphuric acid. 

Instead of hydrochloric acid, a mixture of common salt and 
sulphuric acid may be heated with manganese dioxide, when 
hydrochloric acid is first produced : 


NaCl + H2SO4 = NaHS04 + HCl, 
and is then oxidi.sed by the manganese dioxide. 

Chlorine was formerly obtained on the technical scale from 
manganese dioxide and the hydrochloric acid obtained in the 
Leblanc process (^.v.) by heating them together by means 
of steam in stone stills. To recover the manganese from the 
still liquor, Weldon's process was used. An excess of milk of 
h>^^ yd - *^^^*^*^ liquor, so as to precipitate manganous 

MnClj + Ca(OH)2 = + CaClg, 

and lea™ free calcium hydroxide in suspension. Air was then 
blown through, and in presence of free /ime, the manganous 
hydroxide was oxidised to manganese dioxide : 


^ M nfOH). + 0^ = 2 MnO^ + 2H2O, 

wiiich is a weakly acidic oxide and combines with the lime to 
form what is called llWon rnuJ, CaO.-MnOo. This was 
decomposed by liydrochloric acid to give chlorinefand the still 
liquor worked up again, and so on. The Weldon process is 
now very little used. 


Chlorine may be prepared conveniently in small quantities 

)> the action of cold concentrated hydrochloric acid on 
bleaching powder : 


CaOCL + 2HCI = CaCl^ + Cl^ + HjO 
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or on potassium permanganate : 

2KMn04 + 16HCI = 2KCI + 2MnCl2 + SH^O -t- 5CI2 

(which gives pure chlorine), or by heating concentrated 
hydrochloric acid with potassium dichromate : 

KaCrgO, + 14HCI = 2KCI + 2CrCl3 + 7H .0 + 3^2. 

Electrolytic chlorine.-Nearly all the chlorine used technically 
is obtained by the electrolysis of a solution of common salt. 
Chlorine is deposited at the anode, and the sodium 10ns de- 
posited on the cathode react with the water to orm caustic soda 
Ld hydrogen (p. 201). The complete reaction is . 

-NaCl + 2H20 = 2N'aOH + H2 + CU- 

The caustic soda is an important product, and the chlorine is 

often obtained as a by-product. . 

various types of electrolytic «ll«e ^u^^^ 

in‘coCac^Titrthe%austic soda formed at the cathode, when 
reaction would occur between them (p. y-l)- 



Fig. 209.— The Castner-Kellner Cell. 


w fFii? 200) of shallow sliitc 

. T.'’'r‘^tJlerimr'thr“ compartments by slate partitions not 
t^nk divided in nruo floor is covered by ^ pool of 

quite touching tl. door^ .h. ^hmrcomp^r'tments. EaS end 

mercury, strong brine, the middle one with 

compartment is ^ I j ® the end compartments, 

water. Anodes of carbon arc placca^m 

whilst the "is evoWed in the end compartments, 

compartment, ^hlorm discharged on 

th"e mercury in^l " 
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Oiaphragm 
ortd C^th94$ 


sodium amalgam. The cell is given a slow rocking motion by 
an eccentric, and the amalgam is brought from the end compart- 
ments to the middle compartment, where it decomposes the water, 
forming a solution of caustic soda. Hydrogen is evolved from 
the iron cathode. 

In the Gibbs cell (Fig. 210), used by the United Alkali Co., 
the anodes are carbon rods and are separated from the cylindrical 

iron cathode by a diaphragm 
of asbestos paper. The solu- 
tion of caustic soda then 
obtained is not so pure as that 
obtained in the Castner- Kellner 
cell, and the sodium chloride 
contained in it must be separ- 
ated. 

Most of the chlorine is used 
for bleaching, and in refining 
petroleum, either as such or 
(usually) as hypochlorites (^.t'.) 
of sodium or calcium, the 
latter in the form of bleaching 
powder. By causing the hy- 
drogen and chlorine gases 
from the electrolytic cell to 
unite, synthetic hydrochloric acid 
may be produced. 

Electrolytic chlorine is fairly 
easily liquefied by cooling and 
compression. The liquid is transported in gas-tight cylinders 
or tank wagons of iron, since this metal is not attacked by dry 
chlorine. Liquid chlorine has an orange yellow colour : in 
liquid air it Iroezes to a pale yellow solid. 

Properties of chlorine. — Chlorine is a greenish-yellow gas 
with a most irritating odour and a violently corrosive action 
on the mucous membranes. It is fairly soluble in water, and 
.since it is heavier than air it is collected by downward displace- 
ment. It can be dried bv concentrated sulphuric acid or calcium 
chloride. 

Chlorine is a z/ery aettve element ; it combines readily with 
Itydrogcn, and directly with most metals, and non-metallic 
elements e.xcept nitrogen, oxygen, and carbon. Combination 
may occur when the elements are brought together at the ordinary 
temperature, often with the production of flame, or incandescence. 



Orip 


Fig. 210. — The tiiBDs Cell. 
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The reactions with metals, which occur violently with moist 
gas, do not always take place if the chlorine although 

pure dry mercury completely absorbs pure dry chlorine. 

A little finely powdered arsenic or antimony sprinkled into 

a jar of chlorine bums, 
producing poisonous 
fumes of the chlorides 
AsCIj and Sbds, re- 
spectively. 

A piece of phosphorus 
in a deflagrating spoon 
ignites spontaneously 
in chlorine, burning 
with a pale flame, 
and producing fumes of 
the chlorides PCI3 and 
PCI5. 

When chlorine is 
passed over sodium 
heated in a hard glass 
bulb tube (Fig. 211). 
the metal catches fire 
and burns with an 
exceedingly brilliant 
yellow flame, producing 
white sodium chloride, 

NaCl. 



Fig 21 Burning Sodium in Chlorine. 


A jet of hydrogen burning in air com^ burn, with an 

(fir.trand^'hfhTdrogcn chloride formed produces fumes 
in moist air: H2 + Cl2 = 2HCl. 

A mixture of equal volumes of hydrogen and chlorine explodes 
. , hv a taocr or when the mixture m a thin 

violently when ‘go^‘^ or to the light of burning 

glass bulb IS "PO^od 'o bright su g 

r/osS'r d»urd‘’d"^;irg"ht°but ,he ga^s do not react in the 

‘‘‘‘chlorine has a great affinity for hydrogen and will remove it 
from many comVounds.-^ Chlorine for example, will remove 
hydrogen from water, setting free the oxygen . 

2 H2O + 2CI2 = 4HCI + O2. 
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This reaction, which is the reverse of Deacon’s process (p. 312), 
takes place when steam and chlorine are passed through a heated 
tube Cp. 278), or even when chlorine water (a solution of chlorine 
in water) is exposed to sunlight in an inverted flask, when bubbles 
of oxygen are evolved and a solution of hydrochloric acid re- 
mains. Chlorine also removes hydrogen from compounds of 
carbon and hydrogen, setting free the carbon. 

A burning taper plunged into a jar of chlorine bums with a 
small dull-red flame, clouds of black carbon and white fumes of 
hydrochloric acid being evolved. Wax is a mixture of hydro- 
carbons^ or compounds of carbon and hydrogen. The chlorine 
removes the hydrogen, forming hydrogen chloride, and sets 
free the carbon, with which it does not combine directly. 

A mixture of 2 vols. of chlorine and i vol. of ethylene, C2H4, 
when ignited, burns with a red flame, emitting dense black 
clouds of carbon : C2H4 -f aClg = 2C -t- 4HCI. 

A mixture of 2 vols. of chlorine and i vol. of methane, CH4, 
ignited with a taper, burns, giving fumes of hydrochloric acid 
and a cloud of carbon : CH4 -t- 2CI2 = C -i- 4HCI. 

A little turpentine, heated in a test-tube and poured 

on filter-paper, catches fire when plunged into chlorine, giving 
a black cloud of carbon and fumes of hydrochloric acid : 

CioH„ + 8a2 = i6HCl-(-ioC. 

Chlorine combines with sulphur dioxide, SO*, carbon mon- 
oxide, CO, and ethylene, C..H4, producing sulphur)’! chloride, 
S02C12, carbonyl chloride {phosgene), COCI2, and ethylene 
dichloridc, ('',H4Cl2, respectively. 

A solution ‘)f chlorine in water (chlorine water), which has a 
pale greenish-yellow colour and smells strongly of the gas, 
possesses strong bleaching and oxidising properties. It preci- 
pitates sulphur from a solution of sulphuretted hydrogen : 

H2S + Cl2 = 2HCI-(-S ; 

it liberates iodine from a solution of potassium iodide : 

2KI4 CU = 2KCl-(-l2; 

and a solution of sulphur dioxide (sulphurous acid) is oxidised 
to sulphuric acid : 

2H.O + CU + SO2 = H2SO4 + 2HCI. 

On exposure to light it is decomposed (see above). 
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Bleaching by chlorine.— Chlorine is used m large quantities 
for bleaching The colouring matter is oxidised by nasctnt 
oxygen set free from water which must also be present . 

H20 + Cl2 = 2HCl + 0. 

Drv chlorine does not bleach : a piece of red flannel remains 
of chlorine is also due to oxidation (r/. p. 304b 


Hydrogen Chloride or Hydrochloric Acid. 




O X L' iv VO i:. 

Hvdroeen chloride, or hydrochloric acid.— Chlorine and 
hydr^ogen form only one compound, hydrogen chlor.de, 

hydrochloric acid , H Cl . — 

This is formed by the 
combustion of hydro- 
gen in chlorine, but is 
usually prepared by 
the action of concen- 
trated sulphuric acid 
on common salt : 

NaCl + H2SO4 

= NaHS 04 -^HCl. 

One only of the two 
hydrogen atoms of sul- 
phuric acid is expelled, 
and the acid salt, 

NaHSO*, sodium hy- 
drogen sulphate, or 
sodium bisulphatc, is 
formed, unless the tern- 

perature is higher than 212. Pkeparation of Hydrogen 

can conveniently be chloride Gas from Common Salt and 
attained in a glass concentrated Sulphuric Acid. 

and the normal salt formed . 

NaHSO^ + NaCl = Na^SO* + HCl. 

In the laboratory preparation common salt is placed m a 
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fairly large flask (so as to allow space for frothing) and concen- 
trated sulphuric acid added through a thistle funnel (Fig. 212). 
Some gas is evolved at once, but when the reaction slackens the 
flask is gently heated over wire gauze. The gas is collected in 
dry jars by downward displacement, as it is slightly heavier 
than air. When the jar is filled wth gas, copious white fumes 
issue from the mouth. These are formed by the action of 
atmospheric moisture on the gas, producing a mist of small 
droplets of concentrated hydrochloric acid : the dry gas is quite 
transparent and does not fume with dn> air. The gas may be 
dried by concentrated sulphuric acid or calcium chloride and 
collected over mercury. 


On the technical scale the reaction is carried out in a special 
gas-tight furnace called a salt cake furnace containing an ircm 
pan for the first stage of the process leading to the formation of 
NaHSO^, and a hearth or fireclay box {muffle') in which the 
pasty mass from the pan is more strongly heated to com- 
plete the reaction with formation of NagSO* {salt cake). 
The gas is absorbed by water trickling over coke in a large 
brickwork or stone tower to form a crude solution of hydrochloric 
acid, called spirit of salt, or muriatic acid, which is yellow on 
account of impurities {e.g., iron salts). This acid is transported 
j'n large globular glass bottles called carboys^ packed with straw 
into iron crates, or in large stoppered bottles called Winchester 
quarts. Some hydrochloric acid is made from hydrogen and 

chlorine (p. 316;. The acid is used for cleaning metals and 
other purjjoses. 

Properties of hydrogen chloride. — Hydrogen chloride, or 
hydrochloric acid ”as, i.v a colourless gas with a very pungent 
irritating odoar. and attacks the mucous membranes of the nose 
and throat, u is noi combustible and is a non-supporter of 
combustion. It i.< liquefied with difficulty. The gas, and its 
concentrated solaiion, fume in moist air, and form dense white 
fumes of ammurmim c)iirt*-idt* when brought in contact with 
ammonia gas: XH3 HC 1 = NH,C 1 . 


^ soluble in .valer, forming a very acid solution. 

The great solubility oi h;.\iro\.hloric acid gas in w’ater may be 
demonstrated by the foust-iu experiment. A large, dry, round- 
bottomed flask is filled wit); the gas and fitted wdth a 
rubber stopper carrying ir. the flask a tube drawm out into a 
jet. The flask is inveru . with the tube dipping into w’ater 
coloured with blue litmus out lined in a second large flask, as 
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shown in Fig. 2.3. By blowing into the short tube on the 

second flask a drop of wa^r is forced 
into the upper flask. The gas is 
instantly dissolved, the water m the 
lower flask is driven m the form of 
a fountain into the upper flask, and 
the litmus is turned red by the acid 

solution formed. , x- u ^ « 

When a dilute solution of hydro- 
chloric acid is distilled a weak acid 
first passes over, and the residue m 

the retort increases in 
with rise of boiling point. hen the 
concentration reaches 20*2 per cen 
the liquid then distils over unchan^ged 
with a constant composition 

ingpointof i.o°, Th.s IS called tte 
constant boUing solution. I f c oncent rated 
hydrochloric acid is distilled, 

loses hydrogen chloride gas, 213.— The ‘ Foon- 

little moisture, till the residue g Expekiment ' for 

attains the composition 20-2 p dkmonstkating the solo- 
cent, and distils over at no . this of a Gas. 

being the maximum constant boiling solution 

Varies in composition with the pressure ; 
ten’ e i .s not a true chemical compound. 

imposition of be 

^ V .w.vitv I-I with gas carbon elec- 
specific g ^paratus shown in Fig. 214. 

bon used instead of platinum 

to the electrodes, since platmum is 

^macked hy chlorine. After the luimd has 
attatkta y chlorine, hydro- 

^rn""and chforine are evolved in equal 
TROLYsis OF HYDRO- '' °!l'{^*^sccond mcthod is to decompose dry 

CHLORIC Acid. 
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Fig. 215. — Decom- 
position OF Hydro- 
gen Chloride Gas 
BY Sodium Amalgam. 


hydrogen chloride gas by means of liquid sodium amalgam in 
the apparatus shown in Fig. 215. After standing for a day, a 
white crust of sodium chloride is formed and, after adjusting 

levels by pouring mercury into the open 
limb, it will be seen that half the original 
volume of gas is left. This may be dis- 
placed through the upper stopcock and 
shown, by applying a lighted taper to it, 
to be hydrogen. 

Synthetic methods . — In the first method 
one half of the glass tube provided with 
three stopcocks, shown in Fig. 216, is 
filled with chlorine and the other half with 
hydrogen. The middle stopcock is now 
opened and the gases allowed to mix. 
This must be done in a room with diffused 
daylight, for in sunlight the gases combine 
with explosion. After a few hours, com- 
bination is complete and the greenish 
colour of the chlorine has disappeared. 
When one of the end stopcocks is opened 
under mercury, it is seen that there is no 
change in volume ; if it is opened under water the latter 
dissolves the hydrogen chloride and fills the tube. 

In the second method a mixture of equal volumes of hydrogen 

and chlorine is passed, in the 

dark, into the tube shown 

in Fig. 217. provided with 

platinum wires for e.xploding 

the gas by a spark. The 

tube is placed behind a strong 

glass screen and a spark passed. There is a flash of light in 

ihe tube and a click is heard. When the tube is cool it is opened 

o under mercury and water 

successively, with similar 

results to those described 

r- 1- above. 

Fig. J17. — E.xplosion OF A Mixture rr^, . 

or Hydrogen and Chlorine. The experiments show 

that : 

I vol. hydrogen + i vol. chlorine = 2 vols. hydrogen chloride ; 
.*. I mol. hydrogen -t- 1 mol. chlorine = 2 mols. hydrogen chloride, 
.since equal volumes contain equal numbers of molecules. Hence 
1 molecule of hydrogen chloride contains half a molecule each 





Fig. 216. — Synthesis of Hydro- 
gen Chloride. 
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of hydrogen and chlorine. The formulae of the hydrogen .and 
chlorine molecules are H, and CU hence the molecule o hydro- 
gen chloride contains one atom of hydrogen and one atom of 

chlorine or the formulii is HCL ^ • 1 m 

A solution of hydrochloric acid or a chloride gives silver 
nitrate solution a white curdy precipitate of silver cUonde 
AgCl, insoluble in dilute nitric acid but easily soluble 

^"c^mpounds of chlorine with oxygen.— Compounds of chlorine 
with oxygen arc present in substances used m e\cryday lilt. 
bitching powder or chloride of lime, sodium hypoehlor.tc, and 

poiassiupn chlorate (‘chlorate of potash ). 

Chlorine forms, two important oxides : 


chloride dioxide, CIO2 

forming hypochlorites, 
forming chlorates, 
forming perchlorates. 


chlorine monoxide, CljO 
and three important oxy-acids : 

hypochlorous acid, HOCl, 
chloric acid, HCIO3, 
perchloric acid, HCIO4, 

, , , /'Klnr'itcs mav be formed bv the action of 

chlmmc'’on raustic alkalios under different conditions, and in 
each case a chloride is also formed : 

2KOH + CU = KOCl + KCl + HgO, 

6KOH + 3CI.> = KCIO3 + sl^^Cl + 3H2O. 

- 

r 1:1 t ::: r nr::, "r^t f .th ^ 

always presem chlorine, is produced. 

E' c^nminrk sl^r^^hypochtorous acid. HOCl. together with 

a chloride : 2KOB + Clj = KOCl + KCl + H-^O. 

2NaOH + Cl2 = NaOCI + NaCi + HjO. 

SnHJiim hvpochloritc solution containing sodium chloride is 
used Ls a d'^s^nfecant and antiseptic (‘Milton’; Dakin’s 
•solution) - it may be prepared by the elccuolysis of common salt 
sXt ion so that the chlorine formed at the anode is allowed to 
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react with the sodium hydroxide formed at the catnode, and 
the liquid is kept cool : 

2NaCl + 2H2O = 2NaOH + Cl^ + 

2NaOH + CI2 = NaCl + NaOCI + HjO. 

Milk of lime gives a solution of calcium chloride and calcium 
hypochlorite : 

2 Ca(OH )2 + 2CI2 = CaCla + Ca(OCl )2 + 2H2O. 

If instead of milk of lime, dry slaked lime is used, the product 
is bleaching powder (or * chloride of lime ’). This was regarded 
as a compound with the formula CaOCU or Ca(OCl)Cl : 

Ca(OH)2 + CI2 = Ca(OCl)Cl + HjO, 

but its composition has more recently been given differently 
(p. 596). On solution in water it forms a solution containing 
calcium hypochlorite and calcium chloride. The bleaching 
action of hypochlorites and bleaching powder is due to the 
liberation of nascent oxygen from hypochlorous acid, which is 
unstable : 

Hoa = Ha + o. 

Hypochlorous acid is a very weak acid and is set free from 
its salts by atmospheric carbon dioxide, which forms the very 
weak carbonic acid in presence of water : 

CO2 + HoO = H2CO3 

NaOCl i H2CO3 = NaHCOa + HOCl. 

The bleaching action of chlorine water may be due to the 
hypochlorous acid which it contains : 

Cl, + H ,0 = H 0 C 1 + HC 1 . 

M m 

A dilute solution of hypochlorous acid may be prepared by 
shaking chlorine water with yellow precipitated mercuric oxide, 
and filtering from the oxychloride of mercury : 

2CL r 2Hg0^H20 = 2H0Cl + HgCU . HgO. 

\\’hen chlorine is passed over dry mercuric oxide, the anhydride 
of hypochlorous acid, chlorine monoxide, CUO, is formed : 

2CU + 2HgO = CUO + HgCla . HgO. 

It is a yellow gas which condenses to a red liquid in a freezing 
mixture. Chlorine monoxide is explosive, decomposing into 
chlorine and oxygen. It dissolves in water to form hypochlorous 
acid. 


bleaching 
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The action of excess of a strong aci^d on bleaching powder 
to liberate the whole of the chlorine which it contains . 

Ca(OCl)Cl + H^SO* = CaSOi + HjO + Clj. 

calculated amount The bleaching powder when 

calcium hypochlorite and calcium chloride. 

aCaOCla = Ca(OCl)2 + CaCIj 

and ’.ho calcium hypochlorite is then decomposed by the d.lute 

acid : Ca(Oa)2 + 2HNO3 = Ca(NOa)2 + 2HOCI. 

exposed to air. „ oxvgcn when it is made 

Bleaching powder readily ^ ox>«e^^^ 

into a paste with ^'’^^er and precipitated (the 

b“„rp”„ Vr-’ 

Ca(OCl)2 = (-'i^‘^'2 + 02- 

*Bleaching.-Many The "ycllow‘co 1 oJr''of 

colourless or fecbly-co ourt colouring matters, 

unbleached cotton is ^ | The yarn or fabric is first 

which are removed with lime water, 

singed by a flame hot 

washed with dilute carbonate) followed by a solution 

a solution of soda-ash (sod * rnaterial, from which 

of soda-ash. rosin and caus ' _ , washed and immersed 

a good deal of colour followed by immersion in dilute 

in bleaching _ ’iH which sets free the chlorine, 

hydrochloric or sulphuric ^c" tu^'n^aterial is washed, 

A^fter the bleaching actmn has o curred the m^at^^^^^ 

squeezed, and dried. The j, too prolonged, 

are composed, is resistant, chlorine is removed 
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sodium thiosulphate, which reduces the chlorine and^ is an 
aatichlor (p. 368). 

Wool and straw must not be bleached with chlorine or hypo- 
chlorite, both of which destroy them, but with sulphur dioxide 
(^.v.) or hydrogen peroxide. Hydrogen peroxide is now also used 
for bleaching cotton. Before the use bf bleaching materials, the 
fabric was simply exposed to air and light in fields ; the process 
lasted several months and was expensive. In 1746 it cost is. 6d. 
to 2S. per lb. of material bleached. 

Other bleaching materials besides chlorine, hydrogen peroxide 
and sulphur dioxide are sodium peroxide, magnesium peroxide, 
perborates (which occur in some washing and bleaching powders), 
and sodium hyposulphite (Na2S204, a powerful reducing agent). 
Oils are often bleached by treatment with fuller’s earth, which 
absorbs the colouring matter, and charcoal is similarly used for 
bleaching sugar (see p. 409). These materials have, it Vidll be 
seen, different actions in bleaching : (i) oxidation ; (ii) reduction ; 
(iii) formation of colourless compounds ; (iv) absorption. Most 
bleaching substances are also antiseptics. Since bleaching 
powder solution may deposit specks of solid bleaching powder 
in the fabric, which cause rotting, a solution of sodium hypo- 
chlorite is often used in laundries. It may be prepared by 
electrolysis, or by adding sodium carbonate solution to a solution 
of bleaching powder and filtering : 

Ca(OCI)o + NaoCOa = CaCOg + 2NaOCl. 

Sodium hypochlorite is largely used in bleaching wood-pulp for 
the manuf^acture of paper. 

Chlorates. When cwcess of chlorine is passed into a con- 
centrated solution of caustic potash or soda, the hypochlorite 
first producc<I is rapidly converted into a chlorate, and the 
temperature ri^es. Two molecules of hypochlorite may be 
regarded as o.vidising a third molecule to chlorate, being them- 
selves reduced to chloride : 


K 

0 

Cl 

K 

0 

Cl 

K 

0 

Cl 


Suitable apparatus is .shown in Fig. 218. Chlorine is generated 
from manganese dioxide and hydrochloric acid in the flask, 
washed with a little water, and passed into concentrated caustic 
potash solution in the beaker. To prevent the delivery tube 
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J u «rrvQt^lliscd from hot water. They consist 
cold water and then rec^- U occurring is ; 

of potassiuu^ - 5KCI . 3H.0. 

OKun -1- j 2 . sodium hydroxide solu- 

Uon^'for mtlU (or Ocium) chlorate and chloride 

are Ca(C103)a ^ sCaCL + 6H3O. 

Poras-^« «'--^-i;;:n;rSir"i^n^h‘:: 

^oted in wa- rv.i. c-cly precipi.a.e of s.lver chlonde 

.dth silver nitrate and 

KCl + AgNOa = AgCl + KNO3. 
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A little potassium chlorate treated with concentrated sulphuric 
acid in a test-tube turns orange-yellow, and evolves a yellow 
explosive gas, chlorine dioxide, having a peculiar odour. On 
warming there is a crackling noise, due to explosions of the gas, 
which has the formula ClOg. 

On warming potassium chlorate with concentrated hydro- 
chloric acid, a greenish-yellow gas called euchlorine, which is 
a mixture of chlorine and chlorine dioxide, is evolved : 

SKClOa + 24HCI = 8KCI + 9CI2 + aClO, + isH^O. 

A mixture of potassium chlorate and sulphur explodes violently 
when struck with a hammer or ground in a mortar. If a 
few pieces of white phosphorus and some crystals of potassium 
chlorate are dropped into a glass of water, and a little concentrated 
sulphuric acid cautiously poured in through a thistle funnel, the 
phosphorus burns under water in flashes with a crackling noise, 
owing to oxidation by the chlorine dioxide liberated. 

If a drop of concentrated sulphuric acid on the end of a 
glass rod is brought in contact with a mixture of powdered 
potassium chlorate with sugar or starch, the mass ignites and 
burns violently. 

llarium chlorate, Ba(C103)2, may be obtained by the action 
of sodium chlorate on barium chloride, and chloric acid, HCIO3, 
may l)e obtained in solution by acting upon a solution of barium 
chlorate with sulphuric acid when barium sulphate is precipitated; 

Ba(C10a)2 + H2SO4 = BaSO^ + 2HCIO3. 

It is a powerful oxidising agent, and is rather unstable. 

In the decomposition of potassium chlorate by heat, potassium 
perchlorate, K('10j. is formed at an intermediate stage. The 
chlorate first fuses and evolves oxygen : 

(i) 2KCi03 = 2KCl + 302. 

As the reaction proceeds, the evolution of oxygen slackens and 
the salt becomes pasty, owing to the formation of potassium 
perchlorate, : 

(ii) 4KCIO3 = 3 KC 10 , f KCI. 

lh)tassiurn perchlorate is sparingly soluble in water and may be 
separated from the chloride by crystallisation. At a higher 
temperature the perchlorate fuses and evolves oxygen : 

(iii) KC10 j = KCI + 202. 

When decomposition is complete all is solid again, since potas- 
sium chloride melts only at a high temperature. Reactions (i) 
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and (ii) proceed quite independently, and equations 

the SoZosiiion of potassium chlorate with the formation of 

perchSe"! chloride and oxygen in definite proportions are 

When 'potassium perchlorate 

sulphuric acid, perchloric aod, HC O4, decomposes on 

liquid, which is a powerful apenL Charcoal 

of hot saturated sod.um ^h'or.de so ut.on be «een P _ 

Z^r^^rre^^Cmamllrge chlorate works in Switzerland 

and at Niagara. . . . .^e oxidation 

Chlorates are used as ^j/making fireworks. 

of aniline to the dye “fL^’;„tmufacture of detonators 

Perchlorates are employed m the manuiaci 

and explosives. _ c^rTr,od -done with chlorine dioxide by 

,h‘ sssr “S 

the reaction being : 

3KCIO3 . ZH3SO. - zKHSO, . KCIO, + zt 10., + H^O. 

I / 1 r. nf chloric and perchloric acids may 

The structural formulae ol chloric i 

be written : ^ O 


H— O— CKV 


^ and 


0 


H-O-Cl. O 


;^™an:c::^:^t^.^v:;::;'^d:em 

-O— Mn O 


H 




0 


^ K»«;. Sf. 
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BROMINE AND lODJNE 
Bromine 

Bromine. — Potassium bromide, KBr, a salt used in medicine 
as a nerve sedative, contains the element bromine. Silver bromide, 
AgBr, is largely used in making photographic plates, films, 
and ‘ gaslight ’ paper. Compounds of bromine are therefore used 
in daily life fairly extensively. The free element is a dark red, 
heavy liquid giving a red vapour with a most irritating odour, 
hence its name (from the Greek bromosy a stench). 

Bromine was discovered by Balard (1826) in the residues 
from the manufacture of salt at Montpellier. These liquors 
are known as bittern^ and contain magnesium bromide, MgBrg. 
When they are treated with chlorine a yellow colour is pro- 
duced, due to liberation of free bromine. Bromine was at once 
recognised as a halogen, i.e.y an element of the same character 
as chlorine; it.s discovery was further evidence in favour of the 
elementary nature of the latter. 

The source of the bromine of commerce is found in the 
bromides present in certain mineral springs, e.g.y the Ohio 
springs and some German springs, and the residues of the 
great potash deposits of Stassfurt. Magnesium bromide 
occurs in sea water ; the Dead Sea (from which bromine is 
extracted) and the Great Salt Lake of Utah contain considerable 
quantities of bromides. Bromine compounds are found in sea 
animals and plants ; the ancient Tyrian purple, obtained from 
a shellfish (p. 8), consists of dibromo-indigo. 

The most important bromine compound in commerce is 
potassium bromide, KBr, and from this bromine can be obtained 
by heating with sulphuric acid and manganese dioxide in a retort 
(t/. chlorine) : 

2 KBr + MnOg + = Br^ + 2KHSO4 + MnSO* + 2HaO. 

It is condensed in a cool receiver as a dark red, nearly black, 
li(|uid (fig. 219). It is better to condense the vapours under a 
little water in the receiver, as they are less likely to escape. The 
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bromine separates out as a hea\7 liquid, under a red 
aqueous solution (bromine water). Bromine vapour attacks the 
eyes powerfully, and the liquid has a corrosive action on the skin. 



Bromide 


Bromine 

oooouf 


The element is poisonous. Bromine water has “ 

action, and possesses oxidising properties. It turns starch paste 

yellow. . 

Bromine is made from Stassfurt or 

Ohio brines l>y treating with chlorine 

and steam in a tower (I'ig. 220) . 

MgBr^ + CI2 = MgCla + Br.^. 

The bromine vapour is condensed by 
cooling, and any passing on is caught 
by moist iron filings, when a solution 
of iron bromide is formed which is 
used in the preparation of potassium 

bromide (p. 334)- . , • 

Much bromine is now made in the 

United States at Wilmington and 
other places from sea water, \vhich is 
acidified and chlorinated. 1 he bro- 
mine is blown out by a current 01 air 
and absorbed in alkali ; 

3Br2 + 6NaOH 

= NaBrOa + sNaBr + 3H0O. 

On acidifying the solution of bromate 
and bromide the bromine is set free : 



Fig. 220. — Technical pro 
UUCTION OF liROMlNE. 


NaBrOg + sNaBr + 3H2S04 = 3Na2SOi + + 3H2O. 
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The bromine may be dried by shaking with concentrated sul- 
phuric acid, and any chlorine present in it as an impunty may be 
removed by distilling over potassium bromide : 

2KBr + Cl2 = 2Ka-i-Br2. 

Bromine explodes in contact with white phosphorus ; red 
phosphorus burns in bromine vapour forming phosphorus 
tribromide, PBrg, and pentabromide, PBrs- Bromine also 
explodes in contact with potassium but does not act on sodium 
■ ^ in the cold. The ele- 

ment is used in making 
bromides, certain dyes, 
and ethylene bromide 
for ‘ ethyl petrol.’ 

Hydrogen bromide, or 
hydrobromic acid. — Hy- 
drogen and bromine 
vapours do not combine 
at all readily, but when 
the mixture is passed 



Fig. 221. — Preparation of Hydrogen 

Bromide. 


catalyst), gaseous hydro- 
gen bromide is formed : 

Ha-f-Br2 = 2HBr. 

Another method of 
preparation is to drop 
bromine cautiously on 
a paste of red phosphorus and water in a flask and pass the 
gas over moist red phosphorus in a U*tube to remove bromine 
vapour. The gas is collected by downward displacement 
(Fig. 22 1). Phosphorous tribromide and pentabromide are first 
formed and then decomposed by water : 

PBrg + 3H2O = H3PO3 (phosphorous acid) + sHBr ; 

PBrg + 4H2O = HgPO^ (phosphoric acid) + sHBr. 

Hydrobromic acid cannot be prepared in a state of purity 
by heating potassium bromide with concentrated sulphuric acid, 
since tlie gas is then much contaminated with bromine vapour, 
formed by the oxidation of hydrogen bromide by the hot,^ con- 
centrated, sulphuric acid, which is reduced to sulphur dioxide : 

KBr + H2SO4 = KHSO4 + HBr, 

2HBr + H2S04 = 2H2O + SO2 + Brg, 
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or 


Br 

Br 


H 

H 


HO 

HO 


> SO. 


A solulion of hydrobromic acid may fe Prepared by pas^ng 
either sulphuretted hydrogen or 

bromine water, or bromine covered with a lay er of w ate . 

H2S + Br2 = 2HBr + S, 

SO, + Br2 + 2H26 = 2HBr + H2SO4, 


Br H OH 


or 


SO 


Br H OH 


Hydrogen bromide is a colourless with an irntating^a^^ 

smell ; it is heavier than air, fumes It may 

very readily soluble in water to form <. • strong 

be condensed to a colourless *‘^**^> hvdrotien chloride, and 
cooling. The gas is less stable hun hydrogen chlo^^ 

dissociates, but only slightl), - h. 

liberation of bromine : , , r> 

zHBr^Hg + Brj. 

The solution oxidises slowly when expo«-d to air and light, and 

becomes yellow from liberation of bromin 

4HHr + 02 = 2H20 + Brj. 

Aqueous hydrobromic acid to 

hydrogen and reacts with oxides, hjdroxuits o 

form bromidts : 

NaOH + H Br = N'aBr + 

Bromides-Bromides can al^ be 

and this method is used on the cc ^ bromides nor 

important to remember, , ■ ^hc pure state by the 

iodides can be Italics Thi action is similar 

action of the element on caust c alka . . an unstable 

to that of chlorine : in the cold with excess of alkali 

hypobromite and a bromide are forme . 

2KOH + Br2 = KBr + KOBr 4 HoO, 

whilst in hot concentrated solution with excess of bromin , 
bromate and bromide are produced . 

6KOH + 3 B ''2 = 


M 


H.B.P. 
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Potosaum bromate, KBrOj, is sparingly soluble and crystallises 
out of solution. If heated strongly it decomposes into bromide 
and oxygen : a perbromate is not formed {cf . chlorate). 11 
the object is to prepare a bromide^ therefore, the mixture of 
bromide and bromate obtained by the action of bromine on 
caustic potash solution is evaporated to dryness and the 
residue is heated, either alone, or, better, with powdered char- 
coal (when the bromate is decomposed at a lower temperature) : 

2 KBr 03 = 2KBr + 302 , 

2KBr03 + 3C = 2KBr -- 3CO2. 

The mass is dissolved in water, filtered from excess of charcoal, 

evaporated and cr>’stallised. . 

A solution of bromides of iron formed on shaking iron filings 
with bromine and water is treated with potassium carbonate, 
and the solution of potassium bromide filtered from the hydrated 

ferrosofcrric oxide : 

aFcBra ^ FcBr, + 4^2003 = Fe304 + 8KBr + 4COa. 

A solution of a bromide gives with silver nitrate solution a 
yellowish-white precipitate of silver bromide, AgBr, insoluble 
in dilute nitric acid and only sparingly soluble in ammonia. 

Iodine. 

lodine.—Tlic element iodine (pronounced i-o-deeti) is familiar ; 
a dark lirown solution in alcohol is tincture of /W/wc, used as 
an antiseptic. Iodine was discovered by Courtois, m Pans, in 
iSii, but was fir^t carefully investigated by Davy and by Da)- 
l.ussac in iSi^ Iodine occurs as organic compounds m cod- 
liver oil and in the thvroid gland. Iodides are supposed to be 
essential to health and a defect of iodine is said to 
diseases such as goitre. The normal iodine content of the b^y 
is assumed to be derived partly from food and partly from iodides 
in the .sea sprav carried inland hv winds. Certain mineral waters 
contain iodides, c.g., that of Woodhall Spa contains about 8 milli- 
grams of potassium iodide per litre, and ‘ iodised salt for table 
use is statcil to contain sodium iodide. Foods containing traces 01 
iodine arc milk, butter, and green vegetables. , 

iodine occurs in combination with metals as iodides m sea 
watt r. Seaweeds and sponges extract iodine from the water, 
and the a.><h of seaweed, called be//> or varec, contains iodides 
from which iodine is extracted. A small quantity of sodium 
iodate, XalOg, is present in caliche, the natural sodium nitrate 
of Chile. 
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Piepaxation of m“- 

by heating a mixture of , , • a retort : 

gLese dioxide and daute sulph- ^ 

.. iodides 

® On the technical scale ‘od‘"o o potassium 

s!Lid some magnesium salts. 



S^rr.im <>, .coma. 

These are separated by ''^oating^ivhh "dies 

largXcrysmllis^e'tut ' The ^“nganesVdiM in 

with concentrated sulphuric a h passes 

cast-iron retorts with lead c •;. ^-^Hed altddels (I'lg. 222). 

over is collected in which iodine is only slightly 

It is washed with cold water, m steel-hke 

soluble, dried and ' 'rificd still further by re- 

elittering crystals. It P . a more modern 

fubliming it mixed with i, extracted with sodium 

process the seaweed the residue can be used m 

preparing adhesives ^ in California, 

Iodine IS extracted ^nd adding sodium nitrite : 

which contain iodides, by aiiuiivn g 

2HI + 2HNO. = l2 + 2^0-"-”2^-. 

The mother-li^quor 

'"T„X"'h‘S;" S^hL. . .S,S0 . H O . 

•n,. i«i» !■ ‘ ‘ ' 
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Iodine vapour dissociates on heating, as is sho\ni 

by the vapour density. . „ • i. 

Iodine is only slightly soluble in \vat,er, forming a yeIlo\^nsh- 
brown solution. It dissolves readily in hydnodic acid or 
potassium iodide solutions, forming deep brown, nearly black, 
liquids. It also dissolves in alcohol and ether to form brown 
solutions, and in carbon disulphide and chloroform . to form 
violet solutions, hanng the same colour as the vapour. 

The most delicate test for iodine is the deep blue colour which a 
trace of it gives with a solution of starch. The colour disappears 
on heating the solution but reappears on cooling. Iodine also 
gives a blue colour with solid starch, so that paper (sized with 
starch) and starched linen are usually turned blue by iodine. ^ 
Hydrogen iodide, or hydnodic acid. — Hydrogen and iodine 
vapour combine to a certain extent in presence of heated 
platinum (a catalyst), but the reaction is incomplete and 
hydrogen iodide is easily dissociated by heat : 

H2 + Ig^iHI. 

'I'hc ga.s is l)est prepared by dropping water on a mixture of 
iodine and red phosphorus in a flask (Fig. 223) and collecting 
by downward displacement : 


2P + 5I2 + 8H2O = loHI + 2H3PO4 



Hydrogen iodide cannot be prepared in a pure state by heating 
potassium iodide with sulphuric acid, since the latter oxidises it 



„ Wta. .nd i. ™d.„d » di-- <'/■ 

bromide) or even hydrogen sulphide . 

HdSO, + 2 HI = SO 2 + 2 H 2 O + 1 d , 

H.S 04 + 8HI = H2S+4Hd0 + 4l2- 
Hydrogen iodide is a ^ \sVc^y sSXe water. 

u‘'l?eXdt™ml!rd "t or on exposure to sunlight, 
iodine being set free ; + 

It is more easily liquefied ‘ha" ‘"(or” brOT°ide)°may be 

The composition of hydrogen d^ ‘ ,he dry gas, as 

determined by the action of sodium a^maig^ 

explained in the case of is obtained by passing 

The aedion ceases svhen a ^”;d",,[^Xidoh 

acid is produced, but a cone -olution so obtained. Mainly 
by distilling the more f rises to 1.7; 
water distils over at , ,1) containing 57 per cent, 

and a constant boiling solution ^p. o- > 

of hydriodic acid distils over u.-arochloric and hydrobromic 
Hydriodic acid : the solution rapidl) 

acids in being a strong r „:r owinc to liberation ot iodine . 

becomes brown on exposure to air ovung 

I«iides are prepared m ih^^a ^ ^ 

^2K103 + 3C = 2KI + .iCOi- _ 

3Fel3 + l2 + 4K.2C03=fc3 i+ poussium 

Potassium iodide, KI, is periodate, KIO3. is formed 

Sc^acf^nd'^UoInloluble in i, acts 

Potassium iodide is applied use requires great 

much 
care 
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It occurs as the mineral fluorspar^ calcium fluoride, CaFg, used 
in metallurgy as a flux, and also in making enamels, ^en 
this is distilled with concentrated sulphuric acid, a liqmd. 
hydrofluoric acid, HF, is obtained, which is used in etching 
glass, removing sand from castings, and (in the form of the 
soluble sodium fluoride, NaF) as an antiseptic. The solution 
of glass and sand by the acid is due to the formation of silicon 
fluoride, SiF4, a gas which is obtained by heating sand and 
powdered fluorspar with concentrated sulphuric acid. When 
passed into water it deposits gelatinous silica and forms a 
solution of hydrofluosilicic acid, HgSiFg. 

The element fluorine is obtained by the electrolysis of 
anhydrous hydrofluoric acid to which a little potassium fluoride 
is added to render it conducting. It is a pale yellow gas which 
combines spontaneously with most elements and is the most 
active element known. 

♦The halogens. — The group of elements fluorine, chlorine, 
bromine and iodine exhibit many similarities and are classed 
together as the halogens (Greek ^iz/js=salt). They are all 
coloured substances, they all have pungent, irritating odours, 
and their molecules all contain two atoms. Iodine vapour at 
high temperatures is dissociated into atoms : ; bromine 

and chlorine are probably also dissociated to a slight extent at 
very high temperatures. The elements are univalent, com- 
bining with and displacing hydrogen atom for atom. They 
combine readily with many non-metals and metals, and their 
compounds also show many points of resemblance. The 
halogens react with alkalies, forming chlorides, bromides, and 
iodides with hypochlorites, hypobromites and (possibly) hypo- 
iodites when the alkali is in excess and the temperature is not 
allowed to rise, and chlorides, bromides, and iodides with 
chlorates, bromates, and iodates when the halogen is in excess 
and the temperature rises. All these compounds have analogous 
formulae. (Fluorine reacts differently with alkalies, an oxide, 
F2O, and an alkali fluoride being formed.) Chlorides, bromides, 
and iodides all give precipitates with silver nitrate solution and 
the silver salts darken on exposure to light. 

The similarity in properties of the halogens is to be expected 
from their position in the periodic system of the elements, where 
they are classified together in the seventh group (p. 235). Their 
atomic numbers are as follows : 

fluorine 9 bromine 35 

chlorine 17 iodine 53. 
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Since each halogen comes before 

of which contains an outer stable gr p g 

and since the outer group is b P , atoms of the halogens 
right in the periods, we ^ electrons They therefore ex- 

Sr^te^nTncf ^ortn an outer 

octet, which will be present in the halide .on . 

* .. r •• r 


Cl 


9 O' 


Cl atom Cl ion 

The ion contains one electron ^^Vw^extra electron 

has therefore unit negative e g » example, since sodium 
may be taken from a metal a . after an inert gas, 

and poussium occur in f commenced to build up 

we may assume that their at above the octet of the 

another outer layer of outer layer of one electron 

inert gas, and that they con a the halogen atom and 

only. This lone electron is X,ms an ion with a stable 

the residue of the alkali meta /.yUich were within the outer 
grouping of eight j "on is formed from the neutral 

single electron), and since thi unit positive charge : 

atom by the loss of one electron it carries I 


:Na 




•n.., .. “ 

follows ; vV j. • r* • « • Na : + : Cl . 

: Na ; . + L.. . - • .. 

•• ■* ir/s held together 

The ions so produced are "only, without any true 

in the crystal by electrostatic attraction oni>, 

valency bond (p. 190)- . hand, are true covalent 

The halogen hydracids. s/ior^'^g of a pair of 

compounds (p. 250) and are fo . ^ ^bc chlorine, 

electrons, one from the hydroge , Let us represent 

or other halogen atom, to form a chlorine outer electrons 

the hydrogen outer electron by / hv<lrogen chloride as 

by r, then we can write the tormuia 

follows : cc ^ c or H •- Cl : 


HA + 


cr. = H 


A Q c 


• a 


which corresponds with the ordinary formula H - Cl 
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The oxygen atom has six outer electrons and can take up two 
more to form a stable octet. It can also share two, one from 
each chlorine atom, to form chlorine monoxide : 


CC 00 cc 

^ a e oOo + eCl^ 
c € 

CC 00 CC 


CC 00 cc 

Cl ^ O " Cl or : Cl : O : Cl : 

C C C C «••••« 

cc 00 CC 


which is ordinarily written Cl - O - Cl. Each atom is surrounded 
by eight electrons. 

In a similar way we may write the electronic formula of hypo- 
chlorous acid as : 


oo c c 

H " O " Cl ^ 

h c c 
0 0 c c 

This can ionise into and 


or H : Cl : O : 




CHAPTER XXI 

StiLPHL'U AND ITS COMI’Ol'NnS 

Sulphur and its compounds.-SuIphur is ono ot' llu- lu-st knmvo 
non-metallic elements, and its compounds have ni.un 
technical uses. The free clement. , 

(from the old German 

modern German name is AV/;«-e/e/) is use.i ' 

and in dressing vines to prevent disease. ree ® P , 

in large quantities in Sicily, and it was 

Greeks and Romans. Homer (about goo ^ . dioxidi' 

of burning sulphur in fumigation ami the ga- . p j - ’ 
SO, formed bv burning sulphur m air. was uM tl n l>h.u hing 

and ’purifying cloth. A picture of a e'nan was 

shaped frame on which cloths could be hung om ' ',,f 

found at Pompeii. The curious ilaine and ,>ungent tunus ot 

burning sulphur were supposed to scare away - 

Sulphur dioxide is an acidic anhy<lruie. and the salts ot 

sulphurous acid, especially calcium bisulphite. a( ■ ,;‘ff r,. (,V 

largely used in ^-paring woo<i-pu p lor tlu- ' 

paper. By the oxidation of sulphur dioxidt .o > a 

sulphur or iron pyrites, EeS._., sulphuric acid, 
important compound of sulphur, is manulai u i 
quantities and put to a large number of use-'. ',j' ■ * 

compounds of sulphur, which find 

carbon disulphide, 083, sulphur chlondc, S,/ ).. (um' ‘ 

rubber in some proces.ses), and sodium ^bjosulphate ( . 

Na,SA. used in photography. (The (:re< k narm' tor sulphur 

was V.M.r.. ,.iih.r 

Occurrence of sulphur.— Sulphur o(cur.s in . > .j,;,.., 

free or in combination. Free sulphur o.curs m ^ 

in Italy in the volcanic regions of Sn il>, and m 
southern states of Louisiana and Texas. 

In Sicily the sulphur occurs stratified witli ro-k rn ^ y 
gypsum (CaSO., ^H.O), and limestone. U foun<l 

34 > 
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occasionally in large, yellow, transparent crystals, but usually 
in crystalline masses. The sulphur in the craters of extinct 

volcanoes is formed by the 
interaction of volcanic gases, 
containing hydrogen sul- 
phide and sulphur dioxide, 
in presence of water : 

S02-t-2H2S = 2H20 + 3S, 
but the sulphur deposits 
are supposed to have been 
formed by the reduction of 
gypsum (calcium sulphate) 
by organic matter : 

2 CaS 04 + 3C 

= 2CaC03 + 2S + CO2. 



Fig. 224.-S1CILIAN Sulphur Kiln. Combined eulphur occurs in 

the form of metallic sulphides, 

many of which are important ores of metals {i.e.y ser\'ing for their 
extraction), e.g., lead sulphide, or galena^ PbS ; zinc sulphide, 
or blende^ ZnS ; copper pyrites^ Cu2S,Fe2S3 ; and iron pyriieSy 
FeS2 (used as a source of sulphuric acid). Large masses of 
gypsum, or calcium sulphate, CaSO^, zHgO, and other metallic 
sulphates, are common. Sul- 
phur is a constituent of some 
kinds of organic matter ; 
thus the blackening of silver 
spoons by eggs is due to 
the sulphur contained in the 
albumin of the latter. It is 
found in certain bacteria, 
e.g., Beggiatoa alba, which 
are capable of decomposing 
sulphur compounds in their 
life-processes. The pungent 
principles of onions, garlic, 
horse-radish, and mustard 
are organic sulphur com- 
pounds. Combined sulphur 
is present in hair and wool. 

The technical preparation of sulphur. — Native sulphur in 
Sicily is stacked in lumps in brick kilns, called calcaroni, built 
on sloping hillsides, with air spaces, and covered with powdered 



Fic. 225. — Refining Sulphur by 
Distillation. 
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ore (Fig. 224). The ore is kindled at the top, and the heat of 
comLstion of part of the sulphur ser\-es to melt the remainder, 
which flows off into wooden moulds. This seems rather a 
wasteful process, but coal is very expensive in Italy and it is 
cheaper to burn part of the sulphur than to use other fud. 

Sialian sulphur is refined at Marseilles where fuel is cheaper 
with the apparatus shown in Fig. 225. The sulphur is fused in 
an iron pot, whence it flows into an iron retort, heated over a 
fire. The sulphur boils, and the 
vapour is conducted into a large Ilk 

brickwork chamber. At first the 
vapour condenses on the cold wails 
as a light yellow crystalline powder, 
called flowers of sulphur. As the walls 






Hot water 


Sulphur 
+ air 



_ Moittn 

sulphur 


become hot, this melts (unless it is j 

removed), and runs down as a liquid 
to the bottom, whence it is tapped 
off into cylindrical moulds, to form 
roll sulphur, or brimstone. 

The Frasch process of extraction 
used in America is different. The 
deposit occurs below clay, quicksand, 
and rock. A boring is made to the 
deposit, and three concentric pipes wate^ 
are sunk (Fig. 226). Down the outer 
pipe superheated water is pumped. 

This fuses the sulphur. Air is then 

forced down the inner pipe, when j 

an emulsion of molten sulphur and 226.— The Frasch 

air bubbles rises to the surface Sulphur Pump. 

through the remaining annuluT sulphur 

space. This passes to large \\oodtn . 
solidifies, and is ready for immediate use Aim P 

duces 80 per cent, of the total sulphur use ,,i„hitlc of 
Sulphu? is also extracted from the calcium 

waste from h d'rogcn sulphide is 

water and carbon dioxide passed in, wiicn . b 

evolved: CaS + HgO + C 02 = CaCXJ 3 + H 2 S. 

Air is added and the gas passed over a catalyst compose o 
healed oxide of iron, when sulphur is forme 

2H2S+02 = 2H20 + 2S. 

This is called the Chance-Claus process. 
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Sulphur is separated in the purification of crude coal gas, 
which contains hydrogen sulphide. The gas is passed through 
boxes containing hydrated ferric oxide (‘ bog iron ore ’)» when 
ferric sulphide is formed : 

2Fe(OH)3 + 3H2S = FeaSg + fiHjO 
The spent mass is exposed to air, when oxidation occurs : 

2Fe2S3 + 3O2 + 6H2O = 4Fe(OH)3 + 6S. 

When the mass has been used several times the spent oxide is 
burnt in a current of air and the sulphur dioxide formed is used 
to manufacture sulphuric acid. 

Sulphur is also extracted from gases containing sulphur dioxide 
and formed in roasting ores and smelting metals, for example in 
roasting zinc blende : 2ZnS + 3O2 = zZnO + 2SO2. The sulphur 
dioxide is dissolved from the gas by a suitable solvent, from 
which it is expelled by heating, and is passed over strongly 
healed coke, when it is reduced to sulphur : SO2 + C = 002 + S. 

It is often more convenient to use the sulphur dioxide in roaster 
and smelter gases by converting it into sulphuric acid, which is 
mostly done by purifying the gas and oxidising the sulphur 
dioxide in it by the contact process (p. 356). 

The allotropic forms of sulphur. — Sulphur, carbon (pp. 57, 
403), and phosphorus (p. 456), are examples of non-metallic 
elements which exist in different solid forms with characteristic 
properties. These, it will be recalled (see p. 56), are known as 
allotropic forms of the element, and the existence of these forms 
is called allotropy. Some metals, such as tin (p. 57), also exist in 
allotropic forms. Allotropic forms iliffcr in physical properties, 
such as density, and also in chemical properties, some forms 
being chemically more reactive tlian others : white and red 
phos[)horu.s arc notable in this respect. 

The allotropic forms of sulphur comprise tw’o different 
cr\-slalline forms : (i) rhombic sulphur (or o-sulphur), the crystalline 
form of which is shown in I ig. 228; and (2) monoclinic sulphur 
(or B-sulp/iur), the crystalline form of which is shown in Fig. 
220. Sulphur also exists in tliffcrcnl amorphous (non-crystalline) 
forms, the best known being plastic sulphur (Fig. 230), and milk 
of sulphur, a white amorplKuis powder. All these varieties give 
the same products in chemical reactions, e.g. the same weight 
of -uiphur dioxide on oxidation. 

Rhombic or a-sulphur. tlic common form, is prepared by 
allowing a solution of roll sulphur in carbon disulphide slowly 
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to evaporate when pale-vcllow transparent crystals are formed, 

powder. The density ot a-sulphur . 


Fig. 228.— Rhombic Sulphur Crystals. 

of rhombic sulphur ; flowers of sulphur arc m 

of it, but contain also a while amorphous sar,ct> msoluble 

carbon disulphide.* o,, »,v Mitscherlich. 

Monoclmicor ^-sulphur, discovered m .b.. b^M 

is produced when fused sulphur IS allow et , ;n sulphur and 

A dish is half filled with L fulcd It is 

heated slowly on a sand-bath till the w 10 «. ^ ^ 

allowed to cool until a crust forms on a ■ ' - 

holes are made in this crust (one to a mi s When the 

glass rod, and the still found to be lined 

crust is removed, the inside of the dish 1 , , .p;,, ^^o), 

with transparent needle-shaped crystals o / ^ I sranding 

having a deeper yellow colour than a-su p ■ .1 

for a few days, the crystals become opaque and linttle, and 

• Roll sulphur and flowers of sulphur arc »o/ allotrop.c forms of 
sulphur : they are commercial forms. 
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colour becomes lemon-yellow. The crystals now consist of 
aggregates of minute crystals of a-sulphur, although the original 
monoclinic form is preserved by the whole crystal. The gradual 
transition from one form to the other is readily followed by the 
colour. 

jS-sulphur, when quickly heated, melts at 119®, and has a 
density of i‘96. It is insoluble in water, but soluble in carbon 
disulphide ; the solution on evaporation deposits a-sulphur, the 
stable form at room temperature. 



Fig. 229. — Monoclinic Sulphur Crystals. 

. {By (outtcsy of i)* van Co.) 

When a-sulphur is heated for a long time above 96°, say in 
boiling water, it changes into jd-sulphur, whilst below this 
temperature / 3 -sulphur changes slowly into a-sulphur. The 
two forms arc in equilibrium at 96®, which is called the transitioa 
point for the two forms of sulphur : 

96® 

When a-sulphur is rapidly heated, it melts at 113®, before it 
has had time to change into p’-sulphur. between 96® and 113® 
it is in what is called a metastablc state, as is ./ 3 -sulphur below 96®. 

Plastic sulphur. — The changes which sulphur undergoes 
when it is slowly heated to its boiling point are very interesting. 
It melts at 113°, forming a light orange-yellow mobile liquid 
which does not wet glass ; on pouring this into water it solidifies 
to crystalline / 3 -sulphur.* If the liquid is further heated it 

• Hence it is not correct to say that ' plastic sulphur is formed by 
suddenly cooling melUd sulphur ’ : boiling sulphur is generally meant. 
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gradually darkens in colour : it becomes deep orange red, but 
it remains mobile until the temperature reaches about 180 
when the liquid suddenly thickens, so that the tube ma> be 
inverted without the sulphur running out. As the heating is 
continued, the sulphur becomes very dark-coloured, almost 
black but the liquid becomes more mobile, and at the boiling 
point,’ 444 ^ it may be poured out into cold water It then 
forms soft, rubber-like, transparent, yellow threads, called 
plastic sulphur (Fig. 230). These 
can be stretched easily and are 
somewhat elastic. 

Plastic sulphur has a density of 
1-92. It is insoluble in carbon 
disulphide. On standing lor a 
few days the threads become 
opaque, hard and brittle, and 
lemon-yellow in colour ; they then 
consist principally of a-sul|)hur, 
although part is still insoluble 

. in carbon disulphide. 

Miiw of sulphur, which is another 
amorphous form ol sulphur, is 
precipitated as a fine white powder 
by adding an acid to a solution ol 
a polysulphide^ /.c., one containing 
more sulphur than the normal 
sulphide, such as the yellow 
tionof calcium disulphide obtained 
by boiling sulphur w’ith milk of 

lime : 



Fig. ^30 - ri Asne Scli’Ui k. 

Ilf, ivu’Ui: ■■/ l> 


CaSa + 2HCI = CaCl.^ + H.S + S. 

The solution of ailcium disulphide was calM 

* divine,’ or ‘ sulphurous, water ) b\ tl > ikme sulphur 

Uses of sulphur.-Crude sulphur is u>cd for " 

dioxide (and thence sulphuric lUlined 'sulphur 

is used in medicine, in the form of powder ■ *; J'* 

the preparation of gunpowder, m.itc i>. , „ rui/irr 

SulpLr is also used in large quanm.es tor vul.aN,>,:,g 

^‘"v^^ria^i'e^'quantities of sulphur are preparing 

ihulphUe solutions, CaCHSO,),, for use m the paper mdus > . 
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is estimated that over 180,000 tons of sulphur are used for this 
purpose annually, every ton of paper pulp produced requiring 
280 lb. of sulphur. Bisulphites are also largely used as anti- 
septics. The next largest use is probably for dusting vines 
(100,000 tons per annum in Europe) to prevent the growth of 
fungus, and considerable amounts are also used in dusting hops 
to prevent the growth of mould. Fused sulphur has been used 
in America for impregnating railway sleepers. 

Hydrogen sulphide, — Sm^l amounts of hydrogen sulphide, 

HgS, are formed by the decay of 
animal matter containing sulphur, 
and the unpleasant smell of rotten 
eggs is in part due to this gas. 
It occurs in sewer gas and in some 
kinds of natural gas. The at- 
mosphere usually contains traces 
of it, which cause silver objects to 
tarnish, owing to the formation 
of a film of black silver sulphide, 
AggS. Hydrogen sulphide is 
found in some mineral waters, 
e.g., Harrogate water. 

Hydrogen sulphide, sometimes 
called sulphuretted hydrogen^ is 
produced in small amounts when 
hydrogen is passed over boil- 
FiG. 231 . — Kipp’s .Apparatus, jng sulphur, but the reaction is 

reversible and hydrogen sulphide 
is largely decomposed on heating : 

Hydrogen sulphide is usually prepared by the action of dilute 
sulphuric or hydrochloric acid on ferrous sulphide : 

FeS + H2SOj = FcSOi + H2S. 

The reaction is carried out in a Kipp’s apparatus (Fig. 231), so 
that the supply of the gas, which has a most unpleasant odour, 
may be interrupted at will. On account of the invariable 
presence of free iron in the ferrous sulphide, the gas so prepared 
contains hydrogen, which, however, does not interfere with its 
use in qualitative analysis. {Iron pyrites^ FeS^, is quite in- 
soluble in dilute hydrochloric and sulphuric acids?) 

Hydrogen sulphide free from hydrogen is prepared by heating 
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antimony sulphide {siidmU) with concentrated hydrochloric 

acid; Sb^Sa + 6HC1 = sSbClj + 3H2S, 

or by dissolving calcium sulphide in dilute hydrochloric acid : 

CaS + 2HCI =CaCl2 + H.S. 

The gas may be collected over hot water (it is appreciably 
soluble in cold) or by downward displacement. It may be dried 

bv calcium chloride. , , , . , • 

^Properties of hydrogen sulphide.— Hydrogen sulphide is a 

colourless gas with a powerful unpleasant ^ 

asphyxia or, in small <iuantities, headache and . 

solution in water, which is a weak acid, is 

sulphur being deposited, and a little sulphuric acid is also 
formed : 2H2S + 02 = 2H2O + 2S. 

The addition of glycerin to the solution retards the oxidation. 

The gas burns in air or oxygen with “ ^ “J-' 

to the high temperature it is dissociated in the i 
flame ; the latter deposits sulphur on a cold P'> , 

If the gas in a glass cylinder is ignited at the 

of sulphur is formed - plen^ 

deficiency of oxygen : 2H2» + - 2x^2'-' ^ ' 

supply of oxygen, sulphur dio.xide is formet . 

2H2S + 302=2H20+2S0.2. 

A mixture of 2 volumes of hydrogen sulphide and 3 volumes ol 

oxygen explodes violently on ignition. cUshiflp wiih 

Concentrated sulphuric acid o^'^ises hydrogen u 

precipitation of sulphur, and is Itself reduced os [ 

HgS + H2SO4 = 2H2O + S + SO2. 

The gas ignites in contact with fuming 

nitric acid decomposes it with formation o su p , 

acid and nitric oxide. , ^ 11. ,i;,.c ryr liv 

Hydrogen sulphide is absorbed by solutions of alkalies or 1 

slaked lime, with formation of sulphides : 

2NaOH +H2S = Na2S + 2H20 ; 

Na2S + H2S = 2NaHS ; 

Ca(OH)2 + 2H2S = Ca(HS)2 + 2H2O. 

Hydrogen sulphide is oxidised when passed into chlorine water, 
or over bleaching powder, sulphur being deposiic 

H2S + Cl2 = 2HCl + S ; 
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with a large excess of chlorine water, some sulphuric acid is 
formed : S + 4H2O + 3CI2 = H2SO4 + 6HC1. 

Hydrogen sulphide is therefore a reducing agent. 

The gas, or its solution (e.g., mineral waters), may be detected 
by the black coloration, due to lead sulphide, PbS, produced 
with lead acetate. If alkali sulphides are present, they give a 
purple colour with a freshly prepared solution of sodium nitro- 
prusside ; this is not produced by free hydrogen sulphide. 

The composition of hydrogen sulphide is determined by 
heating tin or lead in a measured volume of the gas. It is 
decomposed, producing a sulphide of the metal and an equal 
volume of hydrogen : 

HnS 4- Sn = H2 + SnS. 

Its density is 17, mol wt. =34. Of this, the hydrogen Ha 
accounts for 2, wt. of 8 = 32, which is the atomic weight; 
lienee the formula of hydrogen sulphide is HjS. 

Sulphides. — Sodium sulphide, NuaS, is formed by dividing a 
solution of caustic soda into two halves, saturating one with 
hydrogen sulphide, when sodium hydrogen sulphide, NaHS, is 
formed, then adding the other portion of caustic soda, evapor- 
ating and crystallising as Na^S, 9H2O. 

Sodium and calcium sulphides are formed by heating the 
suljdiates with carbon : 

NOaSO^ . 2C = Na,.S 4- 2CO2 ; 

Caso^ ^4ro." 

Hydrogen sulphide precipitates sulphides of many metals 
from solutions of salts of tin* latter. These sulphides often have 
characteristic colours, so that the gas is u^cd as a reagent in 
qualitative analysis. .Many sulphides are precipitated from 
>olutions acidified with hydrochloric acid : copper, lead, mercuric 
and bismuth salts, all give black sulphides, CuS, PbS, HgS and 
HijSj (brownish-black) : cadmium and arsenic give yellow sul- 
phides, CdS, AS2S3 ; antimony gives an orange-red sulphide, 
ShjSg ; tin (stannous) a brown sulphide, SnS. 

In some cases metals are pre< ipitated only in alkaline solutions. 
\n alkali sulphide, e.g., ammonium sulphide, may be used. In 
this way zinc salts give a wlutc precipitate of ZnS ; manganese 
gives flesh-coloured (.sometimes greenish) MnS ; nickel, cobalt, 
and iron give black precipitate .<= of N’i.S. CoS. and FeS. The gas 
is used on the large scale to free suljihuric acid from dissolved 
arsenic trioxide : this is precipitated as sulphide. 
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SulDhides are also formed by direct combination of the 

cuprous sulp^de, LUgS, oe* t r forminc mercuric sulphide, 

combine when tnturated m a mortar, lormin^ 

HgS, which when so prepared is black 

♦Hydrogen persulphides.— If hudor 347) 

^ 'A of the reverse as when milk ol sulphur is pre 

an acid, instead ot the rperbe ^^p^^rates 

pared, and the liquid is kept well stirrc , ) u c H,Oo) 

which contains two persulphides of hydrogen. H,S, (c/. 

compounds of sulphui.-When sulldmr burnyn air 
it fo 7 m^ a gaseous oxide, sulphur <^oK,de. SO, u hn h hasjhc 

well-know’n choking srncll of cni.yhuric acid {oil of 

oxidation, in presence of ^vith sulphur, and 

viiriol)^ 0 ,. most imporumt 

several oxyacids of sulphur, .ire Ms.sntor iro the follow- 

compounds, which we shall stud\ in ..uiphurous acid, 

ing ^ Sulphur dioxide,, fOj,' of ulplmr^ acid, 

H^SO,; stilphurU.oxKle. SO tlK,n,h>Orm s 

H2S04; thiosulphunc acid, HoSoOa. known ui > 

Sulphur Dioxide and Si lpmurous Acid 

Homer (900 d.c.) refers to the use <>f 

gation, and Pliny states (,774) obtained the 

purifying cloth (i.e., bleaching). I . . j ,„^srcurv, 

pure gas by heating concentrated sulpl me a 1 « ^ ^ 

and collected it over mercury. in 1777 : it 

Its composition was ascertained b) 

sulphur dioxide, SO2. If sulphuric acid 

Preparation of sulphur dioxide.- 

is heated with copper, mercury, sihcr, I > 
reduced, and sulphur dioxide is tormecl . 

Cu -I- 2HJSO4 = CUSO4 -H 2H2O + SO2 ; 

Hg 2 H 2 SO 4 = HgS04 + 2 H 0 O + SO, ; 

2Ag -f 2 H,S 04 = Ag^SOi + 2H.,0 + SO, ; 

S-i- 2 H 2 S 04 = 3 S 02 + 2 H.p; 

C + 2H2S04 = 250,-1- 2 H 2 O -f CO,. 
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In the laboratory copper turnings are heated with concentrated 
sulphuric acid in a flask fitted with a thistle funnel (Fig. 232). 
The mixture becomes very dark, and gas is evolved with 
effervescence. When this occurs the flame is lowered or 
removed. The gas is collected by downward displacement or 



Fig. 232. — Preparation of Sulphur Dioxide by heating 
Copper with Concentrated Sulphuric Acid. 

over mercury : it may be dried by passing through concentrated 
sulphuric acid. The reaction which takes place is really rather 
complicated : it is considered in Chapter XXXIV. 

Sulphur dioxide is also obtained by dropping concentrated 
sulphuric acid into a solution of sodium hydrogen sulphite : 

« 

2 NaHS 03 + H.SO^ = Na 2 S 04 + 2 SOa + 2H2O. 

Sulphur dioxide {tnixet/ with aimospherk nitrogen) is made 
on the large scale by burning sulphur or iron pyrites in air in 
special burners : 

S -f = 

4FeS2 -^1102 = 2 FcnOa + SSOj. 

Properties of sulphur dioxide. — Sulphur dioxide is a colourless, 
heavy gas with a choking smell. It is poisonous, even when 
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diluted with 2 SCO volumes of air, and attacks the eyes. Sulphur 

dioxide has antiseptic properties and is f 

in preserving fruit : it is very injurious to vegetation. It is freely 

soluble in water, forming an acid solution no 
doubt containing sulphurous acid, H 20 O 3 , ot 
which it is the anhydride. The acid is 
unknown in the pure state : it is unstable, 
and on boiling the solution all the sulphur 

dioxide is expelled. ^ j u. 

Sulphur dioxide is easily liquefied by 
pressure or by cooling in a spiral tube 
immersed in ice and salt. The liquid is a 
commercial article and is sold in glass siphons 
(Fig. 233 ). or (on the large scale) in steel 
tanks holding up to 10 tons. On evaporation, ' 
cold is produced and liquid sulphur dioxide 233.— Liquid 

is used in some types of domestic refrigerators, sulphur Dioxide. 

Sulphur dioxide does not support the com- 
bustion of a taper, but heated potassium and n 

and heated lead peroxide in a deflagrating K ons n h n 

lowered into a jar of sulphur dioxide, white lead sulphate hem, 

produced : PbO^ + SOj = PbSO^. 

A solution of sulphur dioxide slowly takes up oxygen on 
exposure to air to form sulphuric acid . 

2H2S03 + 02=2H2S0i. 

It acts as a reducing agent. Chlorine bromine and iodine 
convert it immediately into sulphuric acid . 

SO2 + CI2 + 2H2O = 2HCI + 

Potassium iodate is reduced to iodine by sulphur dio.^de : 

2KIO3 + 5SO2 + 4H2O = I2 + 2KHSO4 ^ 3H2S04. 
Potassium permanganate solution is decolorised . 

2KMnO* + 5SO2 + 2H2O = K.SO, + 2 MnSO^ 4- 2U,SO,. 

A piece of paper dipped in acidified potassium 
solution is changed from yellow to green ' 

sulphur dioxide, owing to reduction to a chrom s ^ 

K2Cr20, + 3SO2 + H2SO* = K2SO, + Cr 2 (S 04)3 + H^O. 

The last reaction is used as a test for sulphur dioxide. e 
smell of the gas is also very charactcnslic. 
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When, passed into concentrated nitric acid, sulphur dioxide 
forms a mass of chamber crystals or nitroso-sulphuric acid 

(P- 359) : HNO 3 + SO 2 -HO.SO 2 .O.NO. 

Dilute nitric acid slowly oxidises sulphur dioxide to sulphuric 
acid. 

Sulphur dioxide as such is used in refrigeration, in bleaching 
wool and straw, in refining and bleaching sugar, in softening 

hides in tanning, as an antiseptic and for 
fumigation, and the liquid has been used in 
the purification of petroleum. Its salts are 
used on a very large scale in making paper 
pulp. The bleaching action is due to re- 
duction or to the formation of colourless 
compounds. 

The composition of sulphur dioxide is deter- 
mined as follows. A small piece of sulphur 
lying in a metal spoon is ignited in dry oxygen 
gas confined over dry mercurj’ in the apparatus 
shown in Fig. 234, by means of a piece of fine 
platinum wire heated electrically in contact 
with the sulphur. When the apparatus is 
cool it is found that the mercury levels are 
practically unchanged, />., sulphur dioxide 
contains its own volume of oxygen. 

The vapour density of sulphur dioxide is 
32, hence its molecular weight is 64. The 
molecule contains a molecule, or 32 parts, of 
oxygen, and therefore 64 - 32 = 32 parts, or 
one atom, of sulphur. Hence the formula 
of the gas is SOo. 

Sulphites. — The hypothetical sulphurous acid, H2SO3, is a 
dibasic acid and forms two series of salts : 



Fic. 234 . — Thb 
Volumetric Com- 
position OF Sul- 
phur Dioxide. 


Acid Sulphites. Normal Sulphites. 

sodium hydrogen sulphite, NaHSOj, sodium sulphite, Na2S03; 

cAldum hydrogen sulphite, Ca(HS03)2, calcium sulphite, CaSOg. 

When a solution of caustic soda is divided into two equal 
parts and one is saturated with sulphur dioxide, a solution of 
sodium hydrogen sulphite (often called ‘ sodium bisulphite ’) is 
formed. If the other portion of caustic soda is added to this 
solution, and the liquid evaporated, crystals of normal sodium 
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1 U*. XT« cn •,U n are formed. Sodium meUbisulphite 

IS passed in (r/. COj, p. ^ 99 ^^ whiX h sohM i ft //jdro- 
chloride a white precipitate of BabUg, wmcn 

chloric acid. 

Sulphur Trioxide. 

Sulphur trioxide.-Sulphur 

is usually prepared by passing a dry • ratalvst) in a glass 
and oxygen over heated pl^t.msed asbestos a o-taf t) ^ 

tube and collecting the trioxide m a dry receiver 
freezing mixture : ^ SO2 + 02 = 2 SO3. 

Sulphur trixide is also obtained by 
phuric acid with excess of phosphorus pentoxidc . 

H2S04 + P20, = S 03 + 2 HP 03 (mc/a//..^/W^^ 

by distilling pyrosulphuric acid (fuming, or Nordhausen sulphuric 
acid, or oleum) ; HaSgO, = HaSO* + SO3 ; 

by strongly heating sodium pyrosulphate, which is formed b> 
heating sodium hydrogen sulphate at 300 

aNaHSO* = NajSjO, + HjO ; 

NajSgO, = NUiSOi + SOg, 

or by the direct combination of sulphur dioxide and o^ono : 

3502 + 03 = 3503- 

This is one of the very few cases in which the ozone molecule 

as a whole takes part in oxidation. which has 

Sulphur trioxide is a colourless ) explosively 

an intense attraction for water. It ■ forming sulphuric 

in water, with the evolution of much ; J^^’^loric acid, 
add, but dissolves quietly .m concenuated^ su^ph 

forming fuming sulphuric acid acid emits dense 

to moist air the trioxide or f '^“Xhulic acid. The 

white fumes, composed of . through a red-hot tube 

vapour of sulphur trioxide when passed througn 
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is decomposed into sulphur dioxide and oxygen, and its com- 
position may be determined in this way : 

2803 = 2802 + 02. 


SUIPHUR 

OlOUOE 



Fig. 235. — Preparation of Sulphur Trioxide. 


The contact process for sulphuric acid. — Sulphur dioxide mixed 
with nitrogen and oxygen is produced by burning sulphur or 
iron pyrites in excess of air. The gas so produced is carefully 
purified by cooling it and filtering it through coke w'etted with 
concentrated sulphuric acid, and is then passed over heated 
])latinum in a contact apparatus, when sulphur trioxide is formed : 

2SO2 + Oo^rSOs- 

In presence of excess of oxygen the conversion is nearly 
complete (p. 222). 

In the Badische process (Fig. 236) the purified gas is passed 
into an iron cylinder with inlet and outlet pipes, fitted inside 
with vertical iron lubes packed with platinised asbestos. By 
letting the incoming gas sweep over the outside of the hot tubes 
in which the reaction occurs, no further external heating is needed 
when once the reaction has been started, since a considerable 
amount of heat is evolved, and the process goes on continuously. 

The complete purity of the gas passing to the converters is 
essential, otherwise the platinum ceases to act catalytically, or 
is ‘ poisoned.’ 

The sulphur trioxide is not passed into water, since then an 
unmanageable fog of droplets of acid is formed, but is absorbed 
by concentrated sulphuric acid, producing oleum : 

SOa + HnSO^^HaS^Oj. 
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If ordinary concentrated sulphuric acid is required, water is 
added continuously as the tnoxide is absorbed, the rcactio . 

S 03 + H20 = HoSO„ 

occurrine quietly in the liquid acid. This process is used to 

L very concentrated acid ; somewhat weaker 

acid is usually made by the chamber pro^ss (p. 359 h 
The action of the platinum catalyst m ‘he 
sulphur dioxide by the contact process is to increase the spec 

of the reaction : 2SO-. + 02 = 2SO3, 

which is exceedingly slow “in its dfeon^ 

equilibrium is reached, since the sulphur tnoxide is also decon 

posed by heat: 2803 = 2802 + 02, 

and this reverse reaction is also accelerated by ‘he pl— 



( + oitrogeD) 
236.— Badische Converter 


by the presence of the catalyst, which ‘'hang« ‘he of 

both the direct and the meafis of t2 

Jlis impossible to increase very Considerably 

catalyst', what the catalyst does is to hasten Ner> 

the attainment of the equilibrium state. ' Oirination of 

Even in the presence of a catalyst the 

sulphur trioxide is very small unle^,s the ^ P suliihur 

Since the higher temperatures cause deco i . ^ 

trioxide, as low a temperature as possub c - 

be high enough to produce a reasonab y 

sulphur dioxide into trioxide. In pra ^ of 

at a temperature of about 45® and m presence o 
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oxygen the action of mass (p. 222) causes almost complete 
oxidation of the sulphur dioxide. 


Sulphuric Acid. 

♦History of sulphuric acid. — Sulphuric acid is described by the 
mediaeval alchemists, who obtained it by distilling ferrous 
sulphate {green vitriol) and called it oU of vitriol : 

2FeS04 = Fe203 + SO3 + SO2. 

The vapour of sulphur trioxide was dissolved in water (Fig. 237). 

In 1666 Le Febure obtained the acid by burning, sulphur in 
presence of moisture (Fig. 238); Lemery in 1675 made it by 

deflagrating a mixture of sul- 
phur and nitre over a dish of 
water under a glass bell, and a 
small works using this process 
was established in 1740 by 
Ward, at Richmond. The acid 
obtained was called oil of vitriol 
per campanum. Roebuck, in 
1746, at Prestonpans, replaced 
the fragile glass vessels by lead 
chambers 6 ft. wide, and these 
were enlarged in later works. 
These chambers were intro- 
duced into France in 1766 by 
the Englishman Holker, and 
in 1774 La Follie employed a 
jet ot steam in the chamber. 
A considerable advance was 
possible after the researches of 
Clement and Desormes (1793),* 
who pointed out the import- 
ance of a current of air in the 
chambers, and in 1806 these 
(ivniisls gave a correct interpretation of the reactions occurring 
in the chambers, particularly the part played by the oxides of 
nitrogen. A continuous process, in which the sulphur dioxide 
was produced from sulphur in separate burners, and admitted, 
together with nitrous fumes, air, and .steam, to the chambers, 

• C. B. Delormes (1777-156^) and Clement-Desormes, d. iS^i. 



Fig. 237 . — Preparation of Oil 

OF \’1TR10L BY GlAUBER fl(>48), 
UY DISTILLING FERROUS SUH'UATE. 
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was introduced by Holker into the French works of 
i8io. The use of pyrites as a source of sulphur dioxide, intro- 
duced by Hill, of Deptford, in iSi8, and the ‘nvention of the 
Gay-Lussac and Glover towers (p. 361) in 1827 and 1859, re=pec 
tively, led to the modern chamber acid industry. 


Thi 

tkt Spirit ^ 



Fig. 238.-PREPARATION OF Sci.i‘HYOC 

OF Sulphur) according to Ll 1 tai “i-- > 

More than one million tons of ^ 

annually by each of the three countries, Gre 

and America, .,,i,,v,nri,- .uid 

The chamber process. — The reactions in .,,/v and 

chambers occur between sulphur ^ ^1^ 

oxides of nitrogen. The oxides of nitrogen ‘ ■ /luniber 
in all p 4 babilUy an intermcchate compouiuL ^al 

foi-med and decomposed by water into sulphun. acid and 

oxides of nitrogen, which react again. g H/^winn exncri- 

The chamber reactions are illustrated 1 ^ 

mem. A large flask, A, is flttcd with four inlet tubes, as shoe n 


36 o 


EVERYDAY CHEMISTRY' 


Fig. 239, and a small outlet tube. Three of the tubes are con- 
nected with wash-bottles containing concentrated sulphuric ^cid. 
One of these is connected with a siphon of liquid sulphur dioxide, 
one to a gas-holder containing oxygen, and the third to an 
apparatus for generating nitric oxide. The fourth tube is 
connected with a small flask, containing water, which 
be heated, and through which oxygen may be bubbled. A rapid 
stream of oxygen is first passed through the apparatus. Nitric 
oxide is then passed in, which at once forms a red gas, nitrogen 
dioxide, NO2. Sulphur dioxide is then passed in at the same 



Fic. 239. — Experiment illustrating the manufacture 
OF Sulphuric Acid by the Chamber Process. 

rate as the nitric oxide, and. after a short time, a current of 
oxvgen is passed through the hot water in B to carry moisture 
into the globe. White star-.shaped crystals of nitrososulphuric 
acid form on the inside of the flask. The colour of the gases at 
the same time becomes much paler : 

2 SO. NO + NOo + O. ^ H 2 O = 2 HO . SO., . O . NO 

M • to A to 

NitrosO'Sulphuric acid. 

1 he gases are next swept out by a rapid current of dry 
oxvgen, and the water in ‘he \lask /? is boiled. When the steam 
conus in contact with the c!;;ur.ber crystals they dissolve with 
L-tTervescence, producing red fumes of oxides of nitrogen and 
sulphuric acid : 

2 HO . SO 2 . O . NO ^ HjO = 2S02(0H)2 + NO + NO^. 

In the manufacturing pro ess the steam (or water spray) is 
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added together with the other gases and chamber cr>-stals are 
not formed as a separate stage, but are decomposed as tast a. 

they are produced. 

A simpler set of equations for the reactions is : 

NO 2 + SO 2 + HjO = H2S04 + NO ; 

2 NO + Oo ~ sNOo- 

Manufacture of sulphuric acid* by the chamber process .-Iron 
pyrites is burnt in furnaces, called pyrites burners, the suppl> 
of air being regulated by sliding doors. Rotary kilns consisting 
of iron cylinders lined with firebrick, with a senes ^ 

arranged that the ore is raked from shelf to shelf until the burnt 

ore is discharged at the bottom, are also used. 

The burner gas passes to a dust-cateher containing baffl 
walls, and then through a nitre-oven, in which pots contami g 
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Fio. 240.— Diagram of Chamber Process. 


sodium nitrate and sulphuric acid are placed. ^ 
the oxides of nitrogen to make up losses from P ; . 

modem plants, the oxides of nitrogen arc supp 
oxidation of ammonia (p. 388). From the n, re oven he hot 

gases pass into the Glover tower, seen on the e .1 -.j 

This is a lead tower lined with acid-resisting ' P , tanks 

flints. Down this tower two streams of acid, r 

seen at the top, are passed. One stream consis ;> other 

(6s-7o Der cent. H^O*) from the lead chamber^ : the other 

consists of stronger acid (78 per cent. ’^'^rcidMmnr'ihe 

of nitrogen (in the form of nitrososulphuric . 

Qay-Lu«;^ tower seen on the right. The ^^>^cuons ot the 

Glover tower are three : (a) to cool the burner ^ 

enter the chambers ; (<^) to dcnilrate the acid from the > 
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Lussac tower, by dilution with chamber acid, and heating ; 
(c) to concentrate the weak acid to about 78 per cent. H2SO4 
for sale, or for use in the Gay-Lussac tower, and at the same 
time provide some steam for the chambers. 

From the Glover tower the gases now pass, by a lead main, to 
the first of the set of lead chambers. These are formed of sheet 
lead, are oblong or sometimes drum-shaped, and dip into large 
lead saucers with a seal of acid. 


Fig. 241. — Bird’s-eye \'ie\v of a Sulphuric Acid Chamber 

Plant. 

Steam, or usually a fine spray of liquid water from several 
jets in the roof, is blown into the chamber. Sulphuric acid is 
produced in the form of a fog of small drops, which settle down 
into liquid chamber acid (05-70 per cent. 1^3804) on the floor of 
the chamber. 

The gases from the List chamber, containing the oxides of 
nitrogen in circulation through the plant, now pass to the Gay- 
T-ussac tower, a lined lead tower, packed with hard coke, and 
fed with cold Glover acid (78 per cent. HgSO^). Its function is 
to recover the oxides of nitrogen in the exit gases from the 
chambers. These are absorbed, producing nitrous vitriol, 
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containing nitrososulphurir acid, which i> pumped to the (dov.-r 
tower for denitration. The wa.te gas trom the 
tower pa.sscs to a chiinnev. which maintains a draught through 
the whole system. !■ ig. 24 1 shows a bird’s-eve view ol a c omplete 

sulphuric acid chamber plant. 



FlC.242.-LoOC.E.r.>lIKK.. 

(iAhtS VKOM 1 KVI. Hi ^sl I ' -S " ‘ 


rHH 


The acid is (omcnlrnl.d to alM.ut 05 H" 

ways. In one process a sprav .. 7H^I--u^^^;y;i^ 


down a brick tower (Gaillard tower) m , . 

ascending from a coke n-'-'V, ter, 

pass off, and the concentraHil a( nl Kill^ t , t, , iron 

where U is collected. If this O.S. per cent, .nel lu-.m.i Ton 

pans, a 98 per cent, acid is obtained. ..«n,tfn>;ed bv 

The acid fumes from the coneeiurators ma\ a 
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means of electrostatic precipitation. They are passed through 
a chamber in which lead pipes are hung, with lead covered bars 
hanging vertically between them. These are charged to a 
potential of 20,000 volts. The acid droplets are attracted to 
the plates, and the liquid deposited on the latter runs oflf to 
collecting tanks and is returned to the concentrators. 

Electrostatic precipitation is also used in power stations to 
eliminate grit, in steelworks and cement works to separate dust 
from blast furnace and kiln gases, in depositing all kinds of 
metallurgical fumes, and in eliminating tar from coal gas, and all 
kinds of chemical acid mists and fumes. 

The installation shown in Fig. 242 is for separating dust from 
gases from lead-smelting furnaces. It consists of metal pipes with 
vertical electrodes inside. Continuous rapping gear dislodges the 
solid deposited on the electrodes, while hand-operated rapping 
hammers outside the pipes vibrate these occasionally to clear 
the dust deposited on the inside surfaces. The dust falls into 
large boxes. This dust had formerly to be cleaned out of large 
settling chambers, and some passed out of the chimney as 
smoke. 

Properties of sulphuric acid. — Ordinary concentrated sulphuric 
acid {oil of vitriol) contains about 98 per cent, of H2SO4. It is 
a colourless, oily liquid, heavier than water. It has a very 
corrosive action on the skin and should be handled with great 
care. After pouring the liquid from a bottle, any drops which 
may run down the outside of the latter should be removed with 
a piece of waste rag, since they may get on the hands or on the 
bench, and in the second case the wood will be charred. The 
bottle is best kept standing in a shallow saucer on the shelf. 

On heating, the liquid begins to emit fumes, and at its boiling 
point, which is rather high, dense white fumes are evolved, due 
to the dissociation of the acid into sulphur trioxide and water 
on heating, and the recombination of these substances in the 
cold air to form a dense fog of droplets of sulphuric acid (see 

• HjSOi^SOa ^ HoO. 

When very strongly heated, say by passing its vapour through 
a red hot tube, sulphuric acid is decomposed into sulphur 
dioxide, water, and oxygen : 

2H2SO4 - 2H2O + 2SO2 + O2. 

These gases do not recombine to form sulphuric acid on 
cooling. 


PROPERTIES OF SULPHURIC ACID 
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Concentrated sulphuric acid has a s/rong affinity for 
When the acid is mixed with water a considerable amount ot 
heat is given out, and the liquid may boil. In practice, it i> 

always safest to add the acid in a thin . 

stirrine. The water should never he added to the aad. 

diluted acid occupies a smaller volume '^bec^use 'ili'e 

If the acid is mixed with snow, cold is produced, because tiic 

latent heat of fusion of ice exceeds the heat evolved on mixuiL, 

the acid with liquid water. u. .1 

On account of its great afhnity for wa e , ^ 

sulphuric acid is used for drying gases on whuh it does 

‘"^Th^affinity of sulphuric acid for water is 

charring of organic matter containing car ><> . ■ Y 

oxygen? by the acid. The elements of water 

black carbL is left. For this reason the commere.a ac d is aU a ■ 

brown. When concentrated sulphuric acid .> ac d d to a st . 

syrup of cane-sugar, contamec in a b^ker sUnclin. 

in a stoneware trough, the mixture rap c . divided 

colour and hot, and froths up into a black 

carbon, clouds of steam and sulphur dio.xide ; 

In aqueous solution sulphuric ac-.d \u 

(p. 208), since it is largely ionised. The 
two stages, the second being appre< labk on > g 

H^SO^^H' + HSO,'; 

^ Sth". 

Two series of sulphates 1 ]hsTl and 

aormal 
R2SO, 
gypsum 
celestine 

^'dgSOjjHoO. , I I I I iti vv it(“r I he 

Most sulphates are crystalline, ancl so u > c solubU' 

sulphates of lead, calcium, and strontmin ‘ and 

in water; barium sulphate is practical!) as 

dilute acids, and its formation as a white pru 1 ^(.lution ot 
a test for sulphuric acid or soluble sulph.i 
barium chloride is added to the liquid to be tc t t . j , ^ 
dilute hydrochloric acid. Care must be 
ctntrated hydrochloric u< id to a solulion . j- 

chloride when ICbling for sulphates, siruc a prc( ) ^ u^jj-cn iilorir 
chloride, which is sparingly soluble in concen.rated hjdrcxhlora 
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acidf may then be formed. Salts of many other acids (phosphates, 
sulphites, etc.) give white precipitates with barium chloride, 
but not in presence of dilute hydrochloric acid. 

Sulphuric acid displaces nitric or hydrochloric acids when 
heated with nitrates or chlorides, since it is less volatile than 
these acids, which escape from the system : 

NaCl + HaSO^^NaHSOi + HCl t ; 

NaNOa + HaSOi^NaHSO^ + HNO3 t . 

In reality nitric and hydrochloric are stronger acids (p. 208) 
than sulphuric acid, and when sulphuric acid is added to a 
solution of a nitrate or chloride it displaces hardly any of the 
other acids. Silica, Si02, the anhydride of a very weak acid, 
is less volatile than sulphuric acid and displaces the anhydride 
of the latter from sulphates When heated : 


N'aaSO* + SiOj = + SO3. 

When potassium sulphate is heated with concentrated nitric 
acid, some potassium nitrate is formed and may be crystallised 
out of the solution. This is an example of mass action and was 
described by Baume in 1773. After describing the decom- 
position of nitre by sulphuric acid (which he calls vitriolic acid) 
le says : We have just seen that vitriolic acid decomposes 
nitre and liberates nitric acid ; but this is bv the dr>’ way. Nitric 
acid m the wet way, decomposes vitriolated tartar [i.e., potassium 
sulphate : salt of tartar was the old name for potassium car- 
bonate] : this is an example of reciprocal affinity. . . . Two 
ounces of vitriolated tartar in jiowder are put into a flask and 
some ordinarv nunc acid is poured over it. The mixture is 
heat^ed until the salt dissolves, which occurs easily. The liquid 
IS then poured into u .ylass cay.sule. It furnishes, on cooUng, 
( rystals of true nitre. 1 lie liquid is decanted and the crystals 

porous paper which is changed until they no longer 

of "“'n the properties 

nhno ri rertain that in this operation the 

hsrlf has liberated the vitriolic acid and has taken to 

rnfL,?' r//vw/V expirimentale et 

raisomice, 1773. tome 1, p. 436.) 'n,,. reaction is : 

K2SO, - . tl \ ( 1 .,. , KXO3 + H^SO,. 

'■"^’^'^‘ntrated sulphuric acid, or 
carbovs n-irl- H ^ ‘o large glass bottles called 

o^wTon^f u iron tank cars 

e, - docs not atta' :i ;:,.n when concentrated. It has 
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a great number of uses, which are exhibited, with an idea of the 

amounts of acid used in each case, by the 

Sulphuric acid is used to prepare nitric and 
acids from their sodium salts, to obtain superphosphate of hn c 
from phosphate rock for fertiliser, in the manufacture ot stear n 

candles, in the separation of gold and silver. 

(‘ pickling ’) the surface of iron sheets preparaiorv to coating 

them with tin, in making glucose from starch, 

facture of ether from alcohol, in making parchment paper, in 
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Fig. 243. — CsES of Sulchckic Acim 

lead accumulators, in refining petroleum and ^^'nilr o- 

-• niiroben/ene. niirn 

nol 
pound'', 

and in the preparation of important salts .sum .is I 

sulphate (foJ fertiliser) and alum. Chemistry 7*' " ‘ H;*';';;; 

acid would hardly be recognisable, and >et we to 

discovered this most useful substance. ,„..aiiv 1 tk«‘s un 

•Sodium thiosulphate. — Just as sodium sulphite . ^ • .. j 

ixygen to form sodium sulphate, so when ‘/^ solun.m .> InaUd 


making nitroglycerin, nitrocelluloses. ’WJ.; pj^,, 

toluenes, picric acid and other explosives. ^ ’ 

(‘ carbolic acid ’), indigo, and many other 'mmoni 

nf imnortant salts such as ammoni 


with powdered sulphur it easily lakes up su hxM.rwnlDhiie 

thio^hate, Na^sjo, co.nn,o„ly '’T usc^ .r, 

or ‘hypo,’ the crystals of which, NaoS./Is-s ■> < 

photography : ^ ^ ^ ^ . 

Na.SO, + S = Na,SSO, = Na.S./ >,. 
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Sodium thiosulphate readily dissolves silver chloride, bromide, 
and iodide, forming double salts. For this reason the salt is 
used in photography to remove unaltered silver halides from the 
negatives or prints, so as to render these permanent to light 
(‘ fixing ’). The double salts formed have a sweet taste. 

When a solution of sodium thiosulphate is acidified it rapidly 
deposits sulphur and smells of sulphur dioxide. If free thio- 
suiphuric acid is formed it is rapidly decomposed : 

H 2 S 203 = H20 + S02 + S. 

Sodium thiosulphate in solution is readily oxidised by 
chlorine (hence its use as an antichlor^ p. 326) and bromine to 
sulphate : 

Na2S202+4Cl2 + 5H20 = 2Naa + 2 H 2 S 04 + 6HCl. 

If a solution of sodium thiosulphate is added to a solution of 
iodine, the colour of the latter is discharged. This is used in 
the titration of iodine ; a little starch-paste may be added when 
the colour is almost discharged, and the blue colour then disap- 
pears when the last trace of iodine has reacted. The product 
of the reaction is not sodium sulphate, but a new salt of the 
formula Na2S406. sodium tetrathionate, containing four atoms 
of sulphur ; it was discovered by Fordos and Gelis in 1843. 
The reaction is : 

2.\a.S203 + I2 = 2N'aI + Na^S^Oa. 



CHAPTER XXII 


NITKOGEN AND ITS COMPOL NDS 

The chemistry of nitrogen. — Free nitrogen (Xg) occurs in the 
.'itmo.sphere. of which it forms about four-fifths by volume. 
Traces of free nitrogen are also found in volcanic gases, and 
in the gases evolved from coal. 

Combined nitrogen is widely tlistril)uled. and is a constituetu 
of many important compounds. In combination "ith hydro- 
gen it forms the base ammonia, Nib,. In c()ml)ination with 
hydrogen and o.xygen, nitrogen form.s nitrous acid, and 

niW acid, HN'Oa, salts of which, the nitrates, are fairly 
abundant. Extensi\e deposits of .sodium nitrate occur in 
Chile. Animal and vegetable organisms contain complex 
organic substances c'alled proteins, corn. lining an average ol 
i6 per rent, of nitrogen. (Combined nitrogen is a con>tiiuent 
of explosives such as gunpowdi-r, nitroglvcerine. gun-<ortoo. 
T.N.T., and picric acid ; of drugs such aN anii|)yrine, .md 
alkaloids such as quinine and morjilnne ; and of colouiing 
matters such as indigo’, and aniline dyes. .\lt hough free- nitrogi n 
is one of the most inert elements, its compounds e.xhibii .i mo't 
wonderful diversity of properties, and <-nier readily into < heinu ai 
reactions. The chemistry of nitrogen is tlu-retore a subje-c i ol 
great interest and importance. 

The nitrogen cycle. — Nitric acid is formc-d hy elcc tri' .ii dis- 
charges in the atmosphere, and is washed clown by rain. It i-' 
estimated that no less than 250.000 tons c»f nitric .uul aic' so 
produced everv twenty-four hours; onlv a small .iinouni ol this 
falls on fertile soil, and is utilisc-d by plants in ila- form ol nitrate-^. 
Leguminous [ilants can grow and form organic nitiogcn com- 
pounds (protein.s) in air and soil free from ammc»tiia ()r nitralcv 
rhese plants take up atmospheric nitrogen, whit h is converted 
into organic nitrogen compounds by the agency <>l micro 
organisms which occur in nodules called bacteroids, on ilu- 

3(xj 
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roots. Certain algae, fungi, and mosses are also capable of 
utilising elementary nitrogen. 

The nitrogen-fixing bacterium is called Pseudomofias radi- 
cicola : there is only one general species but it has to some extent 
become specialised by association with particular plants. In 
the soil it exists as minute rods in rapid motion, but when it 
enters the plant by way of the root hairs, it develops into larger 
rods and then, when nodules are formed on the roots, these rods 
associate into characteristic Y-shaped organisms called bacteroids 



Fio. Bacillvs r.^dicicola. 

R„’ham<.Ud h.xpetiminUl Sfa/it-n,) 


fl'ig. 244). Other bacteria capable of fixing nitrogen are 
known, the most important being Azoiobacter chrbococaim 
(I'ig. 245), which is present in soil : it is a comparatively large 
oval organism, which requires the j>resence of calcium carbonate 
and plays a large [>art in torming and maintaining the stock 
of combined nitrogen in the soil. 

The organic nitrogen I'ompounds elaborated by plants sen’C 
as tood tor herbivorous animals, and the proteins of the latter 
ire utilised in turn by carnivora. 

\\ hen the bodie.s ol animals and plants decay, or are subjected 
10 destructive distill. jon. ammonia is produced. In the soil 
Uiis is nxidi>ed by niirosifying bacteria to nitrite, and by another 
bacterium, the nitrifying' bacteriuio, the nitrite is converted into 
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nitrate, the latter again serving for the nourishment of plant'. 
A portion of the fixed nitrogen is again set free by the action 
of denitrifying bacteria in the soil. Both nitrosifying bacteria and 
the nitrifying bacterium derive their carbon from carbon dioxide. 



FlCf. 245. — .\ZOTOI>ACTF.R. 


The nitrogen cycle in Nature may be represented diagr.im 
matically as shown below. 


Nitrogen Cyclt. 
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The bacterium which produces nitrites is B. nitrosomonas 
and there appear to be several varieties of it ; that which con- 
verts nitrites into nitrates is B. niirobacier, and only one variety 
is known. 

The Atmosphere, 

The atmosphere. — The early experiments on the composition 
of the atmosphere, described in Chapter V, showed that the 
principal constituents are two gases, oxygen, which was de- 
scribed in Chapter XVI, and nitrogen, the chemistr)' of which 
will be described in the present chapter. 

In 1772, Daniel Rutherford allowed mice to breathe in air 
under a bell-jar, and removed the fixed air (carbon dioxide) by 
washing the residual gas with potash. A gas remained, which 
he called mephitic air, since it did not support combustion or 
respiration ; unlike fixed air, it was not absorbed by alkali or 
lime-water. Priestley (1772) burnt charcoal in a confined 
volume of air, and absorbed the fixed air with alkali, also 
obtaining mephitic air, which he called phhgisticated air. 

Schecle (1772) first clearly recognised that air is a mixture of 
two gases, one of which {fire air) supports combustion and re- 
spiration, while the other (foui air) does not. Lavoisier’s experi- 
ment (1775-6) (p. toi) furnished a decisive proof of this result, 
although both gases had been separately prepared by Scheele, 
who also showed that, when lliey were mixed in proper 
[)roportions, common air was formed. Lavoisier gave to 
Si’iieele’s toul air the name azote (Greek u, no : zoe, life), which 
is still used in Trance; the German name Stickstof is based on 
the same property. The English name nitrogen (Greek nitron, 
nitre) wa.s suggested by Chaptal in 1790. 

.ymospherif nitrogen was considered to be a pure substance 
until 1894. whon Rayleigh and Ramsay found that it contained 
about I per rent, of an inert gas which thev called a^on. 
Argon occurs in air mixed with nitrogen and oxygen and some 
otlier inert gas« s in small amounts. 

The composition of air, freed from moisture and carbon 
dioxide, i.s roughly 4 volumes of nitrogen to i volume of oxygen ; 
the exact figures (Leduc, 1896) are : 

Bv weipht. 

Nitrogen - - ' 75.5 

Oxypeu - - 23-2 

Argon, etc. - - 1.3 


By volume. 
7806 
2100 

0-94 
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Although the composition of air freed from moisture and 
carbon dioxide is surprisingly constant, it is in reality slightly 
variable according to locality and at different times in the same 
place. If we consider air which contains the variable amount 
of water vapour always present in it, the percentage of oxygen 
will vary quite appreciably according to the humidity or 
moistness of the air. 

The composition of air by volume. — In determining the 
volumetric composition of air, the oxygen is extracted by ex- 
posing a measured volume of air to burning phosphorus, 
phosphorus in the cold, moist iron 
filings, potassium sulphide, or an 
alkaline solution of pyrogallol. The 
first and last remove oxygen rapidly ; 
the others slowly-. The contraction 
gives the oxygen and the residual gas 
is the nitrogen. The pressure and 
temperature mu.st remain the same 
during the experiment, or a correction 
applied, in accurate work. 

When burning phosphorus is used, 
a porcelain capsule containing a small 
piece of phosphorus is floatc<l on water 
in a glass trough, and covered with a 



Jstoppered bell-jar divided into live Fiu. — .\i>[*AR\Te> 
p-ts (Fig, .46), ,i,e water in titc trough I,: 

ocing adjusted to the lowest mark. 

The phosphorus is then ignited by a 

^ece of wire heated at one end, and the ^toppcm^ oiui‘ iii'<Tted. 
The phosphorus burns, with the j)r<jduction of white lu^u'^ <>i 
phosphorus pento.xide, until llie o.xygcn is romo\e’d Iroin lii' 
^ir. The apparatus is allowed to staml until ti i> (old .md ihr 
fumes have dissolved in the water, forming pho-sphori- .u id 
The water levels are again adjusted, when it will l)e louiid iliai 
the residual gas oceu|)ies four volumes. A ligiuyd taper in 
serted into this gas is extingui.shed. This e.xperimeni -hoW' 
that air contains approximately one volume <*1 o.sygeti a"oei.ited 
'vith four volumes of nitrogen. 'Ilte expenments with phoN 
phorus in the cold, moist iron filings, and polu^'luI^ sul[)hidi- 
have been described on p, 96. 

The experiment with alkaline pyrogallol is <airied out a^ 
follows. A long glass tube closed at one end and lilted with 
^ rubber stopper at the other, is taken, and a solution ot 
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pyrogallol poured in so as to fill one sixth of the tube, the latter 
being previously divided into six parts by rubber bands. A 
small piece of solid caustic soda is slid into the upper part by 
means of crucible tongs, taking care that it does not fall into 
the liquid. The stopper is inserted and the tube shaken. The 
liquid becomes black owing to absorption of oxygen. The tube 
is opened under water : one of the remaining five divisions fills 
with water, and four-fifths of the original volume of air remains 
as nitrogen. 

The most accurate method of finding the percentage by volume 
of oxygen in air is to explode a measured volume of air in a 
eudiometer over mercury with excess of hydrogen. The 
hydrogen unites with the oxygen to form water, which condenses 
to a liquid of negligible volume, hence the volume of oxygen is 
found bv taking one third of the measured contraction : 

2H2 + O2 = 2H2O 

2 voK z vol. negligible voL 

Since the residual gas is measured moist, the initial mixture 
of hydrogen and air should also be saturated with water vapour 
by passing a few drops of water into the eudiometer graduated 
in millimetres before measuring the gases. 

The following readings w'ere taken in an experiment by 

Bunsen . s.t.p.) 428-9 mm. 

Vol. ofair + H2 ,, 749-8 mm. , 

Vol. after explosion ,, 480-1 mm. 

vol. of oxygen={74g-8-48o-i)'3 = 89-9 mm. ; 
vol. of nitrogen = 42.S-9 - 89-9 = 339-0 mm. ; 


I .• » I • 1 00 

vol. ot oxygen m loo vols. air= -r— x 8q-o = 20*0 : 

428*9 ^ ’ 


vol. of nitrogen in loo vols. air = loo - 20-9 = 79-1 ; 

air contains 20-9 per cent, of oxygen and 79-1 per cent, of 
nitrogen (and argon) by volume. 


The gravimetric composition of air. —The determination of 
the composition of air hv icci^/tt is carried out by the method 
of Dumas and Boussingault (1841). A long tube of hard glass 
i' {'ucked with bright copper turnings and fitted with a stopcock 
.! • .a h end. It is exhau-ited, w<-ighed, and connected at one end 
with a large weighed varuoii> globe, closed by a stopcock, and 
.It liu- oihrr with a bulb <)t potash solution and two U-lubes, 
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one containing solid caustic potash and the other (next to the 
tube containing the copper) calcium chloride, which remove- 
carbon dioxide and moisture from the air (I-'ig. 247). 

The tube containing the copper is heated to bright rcdne-' 
in a furnace.' The stopcocks are then slightly opened and air 
allowed to pass sloivly over the heated copper, the oxygen being 
absorbed to form copper oxide and the nitrogen passing on into 
the globe. When the globe is full of nitrogen the stopcocks are 
closed and the apparatus allowed to cool. The globe is weighed 
and the weight of the nitrogen it contains is found. The tube 
containing the copper and copper oxide is now weighed. T he 



nitrogen in this tube is now removed by a pump and the \a( uou- 
tube again weighed in order to find the weight ot thi- nitrogen 
to be added to that in the globe. I he inerca-c in ueiglu "i 
vacuous tube gives the weight of oxygen. 1 he niirog<n 
weighed contains the argon and other inert g:.-«e-. I Ium t.in 
be determined by repeatedly passing the nitrogen owr rcd-li'>i 
magnesium, when only the inert gases remain, tiu- iinio„(.i 

forming magnesium nitride. . . 

Air is a mixture, not a chemical compound, lint ;'tr i' a 

mixture (really a solution, see p. 55) ' 

oxygen and nitrogen follows from the facts giv« n bi l-w : 

(i) Although the composition (when freed troni water ana 
carbon dioxide) is nearly constant, it is not quite sc. \\here.is 
every compound has a definite composition. 

(ii) The constituents of air may be parti. illv s<'p;ir,it< i! a 


( I 



376 


EVERYDAY CHEMISTRY 


diffusion through a porous pipeclay tube into a vacuum 
{almolysis), when the nitrogen diffuses more rapidly than the 
oxygen (see Graham’s law, p. 162). 

(iii) The constituents of air may be separated by the fractional 
distillation of liquid air (p. 276). 

(iv) When air is shaken with water, the dissolved part is 
richer in oxygen than the undissolved part (p. 34). 

(v) When oxygen and nitrogen are muted together there is 
no evolution or absorption of heat and the properties of the 
mixture are intermediate between those of the constituents. 

(vi) If air were a compound, N4O, its vapour density would 
be i(4 X 14 + 16) = 36, whereas it is actually 14*4, which corre- 
sponds with the mixture 4N2 + Og. 

Variable constituents of air. — Besides oxygen, nitrogen and 
inert gases, air always contains a nearly constant amount of 
carbon dioxide (about 3 volumes in 10,000 of dry air), and vary- 
ing amounts of water vapour. It may also contain very smaH 
amounts of ammonia, nitric acid and nitrates, ozone, and 
sometimes other substances (hydrogen, hydrocarbons) in minute 
amounts. 

7 'he following table gives the average percentage composition 
of dry air by volume. The estimated total weight of the 
atmosphere is about 51 x 10*' kgm. 


Nitrogen - 7^-03 

Oxygen - - 20 *oo 

Argon - - 0*03^3 

t'arbon ilioxide 0*03 


Neon 
Helium 
Krypton 
Xenon - 


- 0*00 15 

- 0*0005 

- 0*0001 

- 0*000009 


Estimation of moisture and carbon dioxide in air. — The 
tnoislure and carbon dioxide in air may be estimated by aspira- 
ting a known volume of .lir first through weighed calcium 
chloride tubes to absorb m()i>ture, and then through weighed 
lubes of solid caustic potash to ab.sorb carbon dio.xide. Gener- 
iilly the amount ot moisture is found bv physical methods 
{/tygrome/ry), and that of carbon dioxide by shaking a known 
N'olume ot the air with standard barvta solution, and titrating 
the re.sidual baryta with oxalic acid {'Pcltenkofer' s method) : 

lla(OH), ^ CCX = BaCOs * H.O 
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Nitrogen. 

Preparation. — Nitrogen may be prepared from air \>y removing 
the oxygen by burning phosphorus or by red hot cop[)cr. This 
atmospheric nitrogen is not quite pure, since it contains rather 
more than i per cent, by volume of inert gases (argon, etc ). 
These do not usually interfere with the use of the nitrogen, but 
pure nitrogen must be prepared by chemical methods. Irrxn 
compounds of nitrogen. 

Nitrogen may be prepared by adding a paste (it blea( hing 
powder to ammonia in a flask and warming : 


3CaOCl2 + 2N H3 = 3H2O + 3CaCl2 + X,, 

The most convenient method for the preparation of nitrogen 
in the laboratory is by gently heating a solution of ammonium 

= NHjNOj = 2H2O + N2. 

Instead of ammonium nitrite, a solution of .sodium nitrite .md 
ammonium sulphate or chloride is generally used, 'I h(?se .sah> 
produce, by double decomposition, ammonium nitrite and 
sodium sulphate or chloride, and the former tlien decompo^es 
as explained. 

Ammonium dichromate (red crystals) decompo.ses violentb’ 
on heating, nitrogen, water, and a voluminous green residtu ot 
chromium sesquioxi<je being formed : 

(NH4)2Cr20, = Cr 203 f 4H2O - NX 
Nitrogen may be collected over water, since it i' only >Iighiiy 
soluble. It can be dried by calcium chloride or .sui[)huric acid 

Nitrogen is prepared technically Irom air eitfier l)y f)as.Mng 
over heated copper or (more usually) by the Irai tioiud di-tilla 
tion of liquid air (p. 276). 

Properties of nitrogen. — Nitrogen is a (tdourle.-". odouilo'-. 
tasteless gas; it does not support combustioii. or n^pir.iiion. 
although it is not poisonous ; it does not turn lime wiii. r mdk\ 
It is sparingly soluble in water, and Iuin m* a( tion on htniuv 
Nitrogen can be liquefied by strong coining an-i pr.-'^ure. tail 

with greater difficulty than oxygen. i . 1 

Nitrogen is an inert element, but it combin' - dir-'itlv 1 
oxygen, hydrogen, boron, calcium, and m.ignr-iuin. < 'lo 
pounds of elements with nitrogen are (.dit il nitrides. < e . 

MggNj, BN. In presence of alkali< >. or baryta, it abc 
combines at high temperatures with carbon to form cyanides , 

2KOH+4C + N2-2KCX 3 IN- 
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Oxygen or hydrogen combines with nitrogen on sparking ; 
the metallic nitrides are formed by passing nitrogen over the 
element heated to redness. By the action, of water they give 

ammonia : Ca3N2 + 6H20 = 2NH3 + 3Ca(0H)2. 


Ammonia. 


The most important compound of nitrogen and hydrogen 
is ammonia, NH3, traces of which occur in the atmos* 
phere : bottles containing hydrochloric acid slowly become 
coated with ammonium chloride. Ammonium chloride, NH4CI, 
and sulphate, (NH4)2S04, occur in volcanic districts. Small 
quantities of ammonium salts occur in plants and animals 
(e.g., in blood and in urine), in rock salt, in the soil, and in 
natural waters (as nitrite and nitrate). 

Ammonia is produced when organic matter containing 
nitrogen is strongly heated (‘ destructive distillation ^) : hair, 
bones, feathers, glue, coal, horn, etc., all give off ammonia in 
this way, hence it was formerly called spin'/ of hartshorn. 

Ammonium chloride was apparently first obtained in Egypt 
from tlie soot produced by burning dry camels’ dung, used as a 
fuel. It received the name sal ammoniac. It was also obtained 
from the volcanoes of Central Asia. 


Gaseous ammonia was first obtained by Priestley in 1774, 
and collected over mercury ; he called it alkaline air^ and found 
that when electric sparks were passed through it twice the 
volume of a combustible gas was formed. This was confirmed 
by Berthollet : ,NH3 = N, + 3H,. 


Synthetic ammonia. — Ammonia is formed from its elements 
when these are sparked together: N2 + 3H2^2NH3. This 
appears to have been discovered by Regnault (1840). The 
reaction is reversible, and a state of equilibrium is set up in 
which 6 per cent, ot NH3 exists with 94 per cent, of the un- 
combined gases. If the mixture N2 + 3H2, and pure ammonia, 
respectively, are exposed to prolonged sparking, contraction 
en>ues in the first case and expansion in the second, until the 
volumes and compositions are the same : 


2NH3^N2 + 3H2- 

^ [vr cent- 94 pvr c«aU 

The direct combination of nitrogen and hydrogen is utilised 
in the Haber process (1905) for the production of ammonia. 
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Rcc*^cufatioi} 

pump 

— iPir?^ 


Since a diminution of volume occurs in the reaction ; 
• N2 + 3H2 = 2NH3, the amount of ammonia formed in equilibrium 
will increase with ..he pressure (see p. 229). Since heat is 
evolved in the reaction, the amount of ammonia in the equili- 
brium state will diminish with rise of temperature. 

The process is now the main source of ammonia. It is 
carried out by circulating a mixture of very pure hydrogen and 
nitrogen in the correct proportions, under high pressure 
(200 atm.) over a healed ^ 

catalyst consisting of iron 1 * 

with some other material J 

(called a promoter), ^uch as 
molybdenum, or potassium 
and aluminium oxides. The 
ammonia formed is removed 

bv liouefaction or bv solu- i * { 

tion in water, and the re- ;:;c synthesis 

sidual gas, dried if necessary, — 1 

is again circulated over the 

catalyst (Fig. 248). In the t , I — Caiaiyfi 

Claude process higher pressures I 1 ; 

(up to 1000 atm.) are used. cooimv* — 

Very large quantities of 

synthetic ammonia are now (^>; ^^__cooiing 

made, especially in Germany. 

There is also a large works . i 

at Dillingham, in England, (tur/iyonia 

belonging to Imperial Chemi- p,^. ^.,8 .— Svnthkuc Ammoni.k 
cal Industries Ltd., and ArrAK.\Ti’s (di.vuuamm wic). 

synthetic ammonia works are 

cither in operation or under construction in mo>i louniru" m 

the world. i 1 1 , , 

Laboratory preparation. — Ammonia ga> is prepare! !>> lu a 

ing the concentrated solution in a llask, or by heating -i nuxiuri 

of ammonium chloride with dry slakeil lime in a tl.i'k, nu miMuri 

being covered with small pieces ot <|uicklime (.l ig- ■ 

2NH4CI+Ca(OH)2=Ca('l..+ -Ml.O. 

The gas is dried by passing through a tower ot qim *^*'m' .ni'l 
collected by upward displacement. sine<- it i> mu' h ig 1 ' - 

air. (Ammonia gas cannot be dried by «a]euim dilotik 

sulphuric acid, both of which absorb it.) . 

Ammonia is also formed by the reduction o 
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compounds of nitrogen, e.g., by passing a mixture of nitric 
oxide and hydrogen over heated spongy platinum, when 
vigorous reaction occurs : 

2N0+5H2 = 2NH3 + 2H20, 

or by lieating zinc with a solution of a nitrate or nitrite and 
caustic soda : 

NaNOa + 6H = NaOH + NH3 + H.O. 

Ammonia is recovered technically from the ammoniacal 
liquor of gas-works or coke-ovens (p. 444). This is distilled, 



Eig. 249. — Laboratory preparation of 

Ammonia CIas. 


after the addition of milk of lime, and the ammonia condensed in 
sulphuric arid to form ammonium sulphate, (XH4’)2S04, used as 
a fertiliser : + = 

I'he source of this ammonia is the small quantity of combinetl 
nitrogen (about i per cent.) in bituminous coal. 

Properties of ammonia. -Ammonia is a colourless gas with a 
I haracteristic pungent odour, and lighter than air. It is easily 
liquefied by cold or ])re>sure to a colourless liquid, anhydrous 
timnionia. which is manufactured for use in refrigerating 
inachincr\' and is sold in large steel cvlinders. The gas is ver\' 
Miluble in water, torming an alkaline solution containing 
ammonium hydroxide The solubility may be shown by 

'IV ■ tountam experiment ’ (p, 320). using water containing red 
litinu-i, which turns blue. A nearly saturated solution of am- 
monia has a specific gravity of o-8So : it smells ver>* strongly 
of amni'inia, bleat is given out when the gas passes into 
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FiC. 250— AMKtONlA 
bl'KNlNG IN OXYCKN. 


solution, and if the ammonia is removed by forcing: a stream 
of air through the concentrated solution there is a considerable 
fall in temperature, so that a flask in 
which the experiment is performed may 
be frozen to a block of wood if a little 
water is interposed between them. Am- 
monia is not combustible in air, neither 
does it support combustion. The flame 
of a taper brought into a jar of ammonia, 
before it is extinguished, is surrounded 
by a large greenish-yellow flame, pro- 
duced by the combustion of the hydrogen 
set free from the ammonia bv heat : 

2NH3= N, + 3H2. 

If a current of ammonia gas is passed 
through a tube surrounded by a wider 
tube through which oxygen is passing, the 
ammonia burns readily in the oxygen with 
a large yellowish-green flame (Fig. 250 )- A mixture of ammoni«» 
gas and oxygen explodes when kindled by a taper : 

(i) 4NH3-^ 30.2 = 6H20 2N,- 

In presence of heated platinum as a catalyst, a mixture ot 

ammonia with air or oxygen i- 
oxidised to nitric oxide ; 

(ii) 4>-’H3 t 

These two modes of oxidation 
may be illustrated by the follow- 
ing experiment. 

A mixture of oxygen and 
ammonia produce«l x'lan 

oxygen is bubbled througli ^ «>n- 
centraled ammonia he.ii' »1 in 
flask. If a heated pl.itinum 
spiral is hung in th.- mrk <.l 
the flask (Fig. 251 ), the imxtur* 
of ammonia anti oxygt ii igniii- 
with a feeble explosion, eom- 
bustion rx't iirring according to 
wire then begin- to oxidise tin 


Oxygen 


Spiral 



Ammonia 

Solution 


Flo. 251. — ^The Catalytic 
Oxidation of Ammonia. 

reaction (i). The glowing . ,. . 

^monia according to reaction (ii), red gaseous lug n r 
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of nitrogen and white fumes of ammonium nitrate being formed. 
This period is succeeded by another explosion, and so on. 

Chlorine decomposes ammonia with liberation of nitrogen : 

2NH3 + 3Cl2 = N2 + 6HCl. 

With excess of chlorine a violently explosive oily liquid, nitrogen 
trichloride, NCI3, is formed : 

NH3 + 3Cl2 = Na3 + 3HCl. 

Concentrated ammonia solution reacts with iodine to give a 
black, explosive powder called nitrogen iodide, NI3 . NH3. When 
ammonia gas is passed over heated sodium, hydrogen is evolved 
and sodamide, NaNKj, is formed. Water decomposes sodamide 
with the formation of ammonia : 

2NH3 + 2Na = 2NaNH2 + H2; 

NaNHg + H2O = NaOH + NH3. 

Tests for amm onia. — The gas is detected by its smell, by 
turning red litmus paper blue, and by producing white fumes 
of ammonium chloride with hydrochloric acid. In solution, 
free ammonia in excess produces a deep blue colour with copper 
salts, and traces of both free ammonia or ammonium salts 
produce a brown coloration or precipitate with Nessler's reagent^ 
a solution of potassium mercuri-iodide containing excess of 
caustic potash. 


The composition of ammonia, — The composition of ammonia 
may be tound in several ways. In one method a measured 
volume of ammonia gas is deccimposed into nitrogen and hy- 
drogen hy prolonged sparking i;i a eudiometer (see p. 378). In 
an experiment 20 c.c. of ammonia gas on sparking expanded 
(almost) to 40 c.c. (a little cuimionia remains undecomposed). 
Oxygen was added in excess, and on passing a spark the hydro- 
gen and oxygen combined to form water: 2H, + 02 = 2H20 
(liquid) and there was a contraction of 45 c.c. ; vol. of hydro- 

^.•11 = 5x45=30 c.c.; vol of nitrogen=4o-3o = io c.c. 

• u'" ammonia gas give i vol. of nitrogen and 3 vols. 

01 hydrogen, and so, by Avogadro’s hypothesis, i molecule 
(2 atoms) of nitrogen and 3 molecules (6 atoms) of hydrogen 
give 2 molecules ot anmionia, or i molecule of ammonia con- 
tains I atom of nurogen and 3 atoms of hydrogen, and the 
lurmula is NHa. Inis cen be confirmed by the density, which 

.^hows that the mold u!ar weight is 17 

A convenient metiind of dcmon.tn.ting the composition of 
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ammonia is Hofmann’s method. A long glass tube closed at 
one end and provided with a wide stopcock (Fig. 252) is divided 
below the stopcock into three equal volumes by rubber bands 
and is filled with chlorine. The tube above the stopcock is one- 
third filled with concentrated ammonia 
solution, which is added drop by drop to 
the chlorine. Each drop reacts with a 
yellowish-green flame, and the formation 
of white clouds of ammonium chloride 

2NH3+3C12 = 6HC1-hNo; 

HC1h-NH3 = NH4C1. 

The fumes are washed down by shaking, 
and dilute sulphuric acid is then added to 
fix the excess of ammonia. 

The tube is cooled by immersing in a 
large cylinder of water, and the upper part 
above the tap is fitted with a cork and 
siphon tube dipping into previously boiled 
water, as shown, the whole being filled 
with water. On opening the tap, water 
enters the tube, and the residual nitrogen 
occupies I volume. 

The 3 vols. of chlorine have combined 
with 3 vols. of hydrogen from the ammonia 
to form HCl, therefore i vol. of nitrogen i.io. .■5J — \ oie- 
is combined in ammonia witli 3 vols. of mkiric <. o.Miosi ru>N 
hydrogen. Since nitrogen and hydrogen oi- .\m.monia. 
both have molecules containing two atoms, 

the ammonia molecule contains nitrogen and hydrogen atyins 
iu the ratio 1 to 3, and the density shows that molecular weight 
ts 17 ; hence the formula is NH3. 

When dry ammonia gas is passed over red-hot copper oxide, 
the latter is reduced and the ammonia undergoes o.xid.itinn. 
Iloth nitrogen and nitric oxide are jiroduced, together with 
Water vapour, according to the reactions : 

2NH3-t-3CuO = N2 + 3^1.0 -f 3('u ; 

2NH3 + sCuO = No -H 3H.,0 2N< ). 

If. however, the copper oxide is foIIowe<l by a long la\er ol 
tneiallic copper heated to bright redmss, the nitric oxide is de- 
composed and nitrogen passes on 

2NO -f 2Cu = 2CuC) -f No. 



384 


EVERYDAY CHEMISTRY 


The water vapour may be absorbed in weighed calcium chloride 
tubes and the nitrogen collected in a weighed exhausted globe, 
and the method may then be used to find the composition of 
ammonia by weight. 

Oxides and oxyacids of nitrogen. — Oxygen and nitrogen com- 
bine in five proportions to give five oxides of nitrogen, two of 
which are anhydrides of nitrous acid and nitric acid, respectively : 

Nitrous oxide, NgO, 

Nitric oxide, NO, 

Nitrogen trioxide, NjOj, the anhydride of nitrous acid, HNO2, 

Nitrogen dioxide, NOg or N2O4, 

Nitrogen pentoxide, N2O5, the anhydride of nitric acid, HKO3. 
Nitrogen dioxide gives both nitrous and nitric acids with water: 

2NO2 + H2O = HNO, 4 HNO3. 

Nitric oxide is formed by passing sparks through air (Fig. 253) : 
it combines with the excess of oxygen to form nitrogen dioxide, 

and when the gas is shaken with 
litmus solution the dioxide dissolves 
forming nitrous and nitric acids, 
which turn the litmus red. 

The fixation of nitrogen by the arc 
process.— Although nitrogen is not 
a combustible gas in the ordinary 
sense — if it were there would be no 
atmosphere— yet it may be caused to 
burn with a true flame. The com- 
bustion of nitrogen, so far from giving 
out heat and so being capable of 
maintaining itself when once started, 
is attended bv a very considerable 
absorption of heat : it is an endothermic 
reaction, which occurs when energy is 
Mipplied. If the two electrodes of a 
twelve-inch spark coil are fully separ- 
at-'d, the spark is blue, jagged and very noisv, and ozone is 
I'rdduced in the air around it. If the electrodes are brought 
ni ar together, the character of the discharge alters : it becomes 
greenish-yellow in colour, and quiet. The result is a true flame, 
ilu- ainiospheric nitrogen and oxygen combining in it to form 
nitric oxide. NO. 



I'lG, 253 .— ThK lOKMA- 
TION OF OxiOES 01 NitKO- 
r.EN BY I'ASSING Ei.F.rrKic 
Sl>\l<KS THROCGH 1 >RV .-\lR. 



THE ARC PROCESS 


385 


The process has been used on an immense scale in Norway, 
where electrical energy is obtained from water-power coming 
from melting snow — ‘white coal ’ — to obtain nitric acid fron^ 
atmospheric nitrogen, the ‘ fixation of nitrogen.’ The electric 
flame is spread out by a powerful magnet into an apparent 
disc (really an optical illusion caused by the rapid spring of the 
arch-shaped filament of the arc discharge from one side to the 
other), burning inside a box of refractory material through 
which air is passed. About one per cent, of the nitrogen is 
converted into nitric oxide. The very hot gas is passed through 
coolers, including boiler tubes, then the cool gas goes through a 


Aibsorfilion 



Fig, 254. — Diagram of the .\rc Process for producing 
Nitric Acid from the .ViMosi-UKRt. 


large empty tower to allow the NO to o\i(li>e 10 NO.^, whiih 
takes place rather slowly, and this is al>^orlH•<l in large gr.inue 
towers packed with stone, down which water trickling 

(^'6- 254). Nitric acid is produced : 

, 3N02+ H/) = 2HN03 . NO. 

The NO is re-oxidised to NO^ by the excess ot air uruil iuail\ 
^11 the oxides of nitrogen are absorbed as nitric acid, uhich 
tnay be neutralised with limestone i«j form <aliinm niir.m 
(‘Norge saltpetre’). The weak nilrou-' gase.-. from th<- l.i-i 
absorption tower pass through a tower tor with 

sodium carbonate solution, when a mixtiirc- ol MMlium iiiti.nr 
and nitrite is formed. 

Nitre or saltpetre. — If soil containing dec o1npo^lng nitro- 
genous organic matter is mixed with lime ch calc iiitn ' .11 Ixm.iti'. 

as old mortar, calcium nitrate, ( afXOyK, i- prochiccu. 
This arises from the oxidation of the organic niiUcr, in ilu- 
presence of feeble alkalies, by micro-organisni> (p. 

This calcium nitrate can be extracted by water and di'coin- 
posed by wood-ashes (potassium carbonate), when calcinm 
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carbonate is precipitated and the filtrate yields crystals of potas- 
sium nitrate, KN O3, on evaporation ; 

Ca(N03)2 + K2CO3 = CaCOa + 2KNO3. 

This salt, known as nitre, or saltpetre, is still made in this way 
in India, but it is usually manufactured from sodium nitrate 
(Chile saltpetre) and potassium chloride, as explained on 

P- 41 ■ NaNOa + KCUNaCI + KNOg. 

Potassium nitrate is chiefly used in making gunpowder 
also in pickling meat and hams, to which it imparts a red colour. 
Fused potassium nitrate is a powerful oxidtstfig agent', sulphur 
and carbon burn on its surface brilliantly (p. 90). 

Sodium nitrate, NaNOg, is found in an impure form, called 
caliche^ in great beds in the rainless districts of Chile. When 
purified it is called Chile saltpetre, or Chile nitre, and used as a 
fertiliser and for the manufacture of nitric acid. 

Nitric acid. — This acid, called aqua fortis, W'as known 
to the alchemists and appears to have been discovered about 



Fio. 255 .— Cavendish's .Apparatus for Sparking Air 

AND O.XYGEN OVER POTASH SOLUTION. 


I TOO, although the present method of preparation is first 
de.'cribed liy Clauber. Lavoisier in 1776 showed that 
nitric acid gave nitric oxide and oxygen on decompo- 
sition, but he did not know that nitric oxide is a compound of 
nitrogen ^and oxygen. '1 hi.s was proved by Cavendish in 
17S5. Cavendish pa.ssed electric sparks for a long time 

air and oxygen confined over mercury 
in a tube containing .some potash solution. I'hc tube connected 
twf) cups contair.ing mercury, into which the wires from 
an electrical machine dipped (I'ig. 255). The gas contracted 
-ad a .solution ot nitre was formed. When the excess of oxygen 
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was absorbed by potassium sulphide solution (p.. 95) only a very- 
small bubble of gas (probably argon) remained. 

The presence of oxygen in nitric acid is readily demonstrated 
by pouring a little of the acid down the red-hot stem of a clay 



Fio. 256. — Decomposition of Nitric Acid by Heat. 


tobacco pipe, and collecting the bubbles of oxygen over water 
which absorbs the NO2 also produced (Fig. 256) : 

4 HN 03 = 4N02 + 2H20 + O.. 

Preparation of nitric acid. — Nitric acid is prepared in the 
laboratory by distilling a mixture of potassium or sodium nitrate 



Fig. 257.— Preparation of Nitric Acid in mu; LaI'oratorn'. 


with concentrated sulphuric acid in a glass rcKut, and (olli i ting 
the acid in a receiver cooled by water (fig. 257 )- 1 he rijn lions 

KNOa+HgSO.-KHSO, t UNO,. 
NaN03+H2S04 = NaHS0^ r UNO.,. 

With excess of nitre and a higher temperature a iurilur reacticin 

occurs • . 

KHS04 + KN03=K2S0., I HNO3, 
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but a glass retort would crack at the temperature required, and 
much of the acid would be decomposed (see above). 

On the technical scale the distillation is carried out in large 
cast-iron retorts, and the nitric acid is condensed in stoneware or 
acid-resisting metal (silicon-iron) pipes cooled by water. Such 
proportions of sodium nitrate and sulphuric acid are used as 
will give a residue containing equimolecular amounts of acid 
and normal sodium sulphates, since this is fusible and can be 
run out of the retort : 

3 NaN 03 + 2 HjSO^ = NaaSO^ + NaHS 04 + 3HNO5. 

The oxides of nitrogen formed by the decomposition of the 
acid are absorbed in a tower with water (Fig. 258). Any nitrogen 



Fig. 258. — Manufact^ike of Nitric Acid by distilling 
Sodium Ni irate vsuth Sulphuric Acid. 


|jero.\ide di.ssolvod in the acid, colouring it yellow, may be 
removed by a strean. of dry air. 

Nitric arid is now u>ually made by the catalytic oxidation of 
ammonia, which may be synthesi.scd trom nitrogen and hydrogen 
(p- 37 ^)- I he arc process is now no longer used. 

The oxidation of ammonia,— In 1788, the Rev. Isaac Milner, 
President of Queens’ College, Cambridge, found that ammonia, 
\\ hen pusseil over lieatcd manganese dioxide, is oxidised to red 
tames which on dissolving in water form nitric acid. The 
I' rench chemist Kuhlmann, in 1830, found that ammonia can 
be oxidised by passing it, mixed with air, over heated platinum 
(see p. 381}. which acts as a catalyst : 

4XH3 f 502=4N0 + 6H20. 
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The colourless gas, on cooling, becomes red from further 
oxidation of the nitric oxide by the excess of oxygen . 

2N0 + 02=2N02. 

It may be absorbed in water, with formation of nitric acid, as 

described under the arc process. Wnnrflpnnir wars 

The process was used m France during ‘he Napoleomc «ars 

and on a gigantic scale in Germany during the Great \\ ar It 

is also ustd to supply oxides of nitrogen to sulphuric acid 

ciiambers (p 36.). On the large scale the mixture of ammonia 

Water 



/ I 'i n.l lir vols. or more) is preheated and passed 

.1- ^ 

increase the cat^yn* iiJ^id^-^NUric acid when pure is a colou^les^, 
be exercised in handlmK t ^ ^ 

“Thrad™ is” usually 'coloiir/ mo'm'or’lcss yellow owing m 
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undergo decomposition. A yellow, so-called futntng mine 
acid is prepared by adding a little starch to the nitrate and 
sulphuric acid in the distillation : part of the nitric acid is then 
reduced. 

Nitric acid mixes readily with water, forming a strongly acid 
liquid, since it is largely ionised in solution, and is, therefore, a 

strong acid : HNOg^H' + NO3'. 

It is monobasic, since it contains only one atom of hydrogen 
which can be replaced by metals, and forms only one series of 
salts, the nitrates. These are obtained by the action of nitric 
acid on the metals, oxides, hydroxides, or carbonates. It is 
important to remember that in the action of nitric acid on metals., 
hydrogen is not evolved except with very dilute nitric acid and 
magnesium, but oxides of nitrogen are formed by the reduction 
of the acid. 

The production of oxides of nitrogen by reduction of the 
nitric acid by the hypothetical nascent hydrogen can be 
represented by the following equations : 

HNO3+ 2H = HNO2 (nitrous acid) + HgO, 

3HN02 = HN03 + 2N0 (nitric oxide) + HA 
2HN02 = N0 + N02 (nitrogen peroxide) + H2O, 
HNO3 + 6H = NH.OH (hydroxylamine) 2H2O, ' 

NH2OH f HN02 = N2O" (nitrous oxide) + 2H2O. 

According to anollier theory, the nitric acid reacts with metals 
only when it contains nitrous acid. 

If the yellow nitric acid containing nitrogen peroxide, freshly 
distilled iVom nitre and sulphuric acid, is poured upon copper, 
it docs not usually act upon it, but when a little water is added 
the copper is at once disjiolved. 

Nitric acid acN as an oxidising agent: iodine, phosphorus 
and sulphur with the concentrated acid are oxidised to iodic 
acid, phosphorous and p’hosphoric acids, and sulphuric acid ; 
the nitric acid is vi Juted and oxides of nitrogen are evolved. 
Tin is violently oxidised ov the concentrated acid to hydrated 
stannic oxide glowing charcoal burns brilliantly in concen- 
trated nitric acid : heated sawdust is inflamed by the acid. 

Ferrous salts reduce nitri- acid to nitric oxide, NO, and 
this dissolves in the excess o! :* rrous salt to form a black solu- 
tion, from which nitric oxide is expelled on heating. The first 
reaction is : 

6FeSOi + 2HNO3 + 3H2SO4 = 3Fe.,(S04)3 + 2NO + 4H2O. 
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Fig. ioo — 
The Bkown- 
RiNG Test FOR 
Nitrates. 


In the case of nitrates, concentrated sulphuric acid must be 

added before the colour appears. nitrates A 

The reaction is applied m the brown-rmg test for nitrates. 

few crystals of ferrous sulphate are dissolved m a 

cold sLtion of the nitrate in a and 

pure concentrated sulphuric acid is 

poured into the liquid so as to form a distm« 

heavy layer below. At the junction of the two 

liquids a'^ black, brown, or ' Qn 

nitrate) purple, ring appears (Fig. )• 
sLking the liquid becomes hot, owing to ad_ 
r^ixture of the' sulphuric acid and “"d 

I' “ 

dissolves in water to form nitric atid . 

Nitric oxide. - Althmigh "‘t, prel^red bv 

Mryow arby'^Ld:: it 

Priestley in 1772 ; he ‘ /he action of M/et/ nitric acid 

- a 

turnings in a flask (I‘ig. 2O1). . 

3Cu + 8HN03 = 3‘^''J(^'03)2 + 4H2O+2. • 

The flask at first *‘‘'^„,ospherirw in 

the oxidation of b,,^n swept out the gas hcconus 

the ,hc. nitric oxide then collected in jars over 

nearly colourless, and tn ,racc of nitrogen jieroxide 

water is quite „l,taincd is not quite pure, 

dissolves in the water. g reaction may contain nitrogen 

and in the later nortirs of Tas^hould^ therefore, 

or nitrous oxide. The 6r P jj. j,], sorbed in cold 

(forming a black liquid), and then 
expelled again by heating, it is nearly pure. 
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Properties of nitric oxide. — Nitric oxide is a colourless gas, 
slightly heavier than air and only sparingly soluble in water. 


Fig. 261. — Preparation of Nitric Oxide from Copper 

AND Dilute Nitric Acid. 

It combines readily with free oxygen, e.g., on mixing with air, 
to form a brownish-red gas. nitrogen peroxide : 

2NO + Oj = 2N02. 

When tTiixcd with air or oxygen tTver water^ the nitrogen peroxide 
first formed is absorbed iiy water to form nitrous and nitric 

' 2 N 0 ., h H/) -■= HNO. + HNO3. 

Priestley, who t arried tnit this reaction, says : ‘ I hardly know 
any experiment tliat is more adapted to amaze and surprize 
than this is, wliirh exhibits a quantity of air, which, as it were, 
devours a quantity ot anotlier air half as large as itself, and yet 
is so far from gaining anv addition to its bulk, that it is 
considerably diminished by it.’ 

Some combustible substances burn in nitric oxide, but the 
material must first be ignited in air, and then introduced, freely 
burning, into the nitric oxide. T'lte latter is the most stable 
oxide of nitrogen : it begins to tlecompose into nitrogen and 
oxygen appreciably only above 1000®. and unless this tempera- 
ture is attained combustion does not jiroceed. The substances 



NITROUS OXIDE 


3 v 3 


iiSSxfesa 2^s^rss=s 

phosphorus pentoxidc . 

^ ^ 2NO = N2 + Oj; 

1*4 + 502 = 2^205; 

2N0 + 02=2N02. 

A mixture of carbon disulphide vapour and nitric oxide burns 

rnSro" by w and nitr.. . oxide when passed over 
heated platinum is reduced to ammonia . 

2 NO + 5H2 = 2NH.-,+ aHjO. 

■ • f rtifrif ftxide is determined by heating 

The y confined over mercury in a U-nt 

piece of potassium in tnt ^ 

hard glass tube (fig. 2^2). , I he k 

oxygen combines with the potassium 

on’^^cooling, the 

occupies half the volume ol the n r c 

oxide. The vapour "‘'r 

oxide is 15 (H = i), hence the mole_ 

< ular weight is 30. This contains half 

its volume, or half a 
14 parts of nitrogen, i.e.. ^ 

nitrogen, and hence 30 *■♦ .. P . ! 

or I atom of oxygen. a ^.^plode with hydrogen and 

formulaisNO. (Nitricoxu . ^ee Nitrous Oxide.) 

the composition canmu be ™ nitrogen in 

Nitrous onde.—Thc mo. Lpown as laughing gas and 

everyday life is nitrous 0“.®- : * ' ibililv during minor opera- 

used by dentists m -ered bv Priestley in 1772 

tions. N itrous oxide was ^ s,nnd in ( ontaet wilb moist 

allowed ‘ nitrous air (">'7' treatment of the gas, he 

iron filings or liver «f ^ I' .'"ndle to burn i.i it but 
says: ‘makes it ' .niarped by another tlaine 

enables it to burn wh *'■ distance from that ol the 



PlO 262.— COMPOSnioN t>l 

Nitric Uxidk 
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The peculiar gas was carefully examined by Humphry Davy 
in 1799. He prepared it pure by heating ammonium nitrate, 
called it nitrous oxide, determined its composition, and dis- 
covered its narcotic physiological action,, sometimes preceded 
by the exhilarating effects which led to the name laughing gas. 

Preparation of nitrous oxide. — Nitrous oxide is formed in 
certain cases by the reduction of nitric oxide (see above), or of 
dilute nitric acid, e.g., by the action of zinc : 

4Zn + ioHN03 = 4Zn(NO.T)2 + 5H2O -t- NgO, 

but it is never prepared by these methods. It has recently been 
obtained directly from oxygen and nitrogen, but only by a very 
special method. 

In the preparation of the gas, dry ammonium nitrate is decom- 
posed by careful heating (below 200°) in a glass flask or retort 
(Fig. 263). Care must be taken that the salt is not overheated, 



Fig. 2tjj. -Pklp.vR.mio.n- of Nitrous O.xide bv heating 

.\MMONiuM Nitrate. 


otherwise explosion of rhe ammonium nitrate may occur. 
The salt decomposes into nitrous o.xide and water : 

NH,K 03 -X ,0 + 2H20. 

The gas is collected over hot water, since it is appreciably soluble 
in cold water. 

Nitrous oxide prepared from ammonium nitrate on the large 
scale is carefully purified, and liquefied by compression into steel 


PROPERTIES OF NITROUS OXIDE 


395 


fvlinders It is used as an anaesthetic in minor 
in dentistry, and is produced by the evaporation of the liquid in 

the cylinders. It must be free 
from other oxides of nitrogen, 
since these are poisonous. 

Properties of nitrous oxide. 

Nitrous oxide is a colourless gas, 
heavier. than air. with a faint 
sweetish odour and taste. It is 
fairly soluble in water and more 

soluble in alcohol. 

Nitrous oxide supports com- 
bustion more vigorously than air, 
since it yields on decomposition 
a gas containing one-third its 
volume of oxygen, as compared 
with one-fifth in air : 

zNgO = 2N2 + Oj. 

(Nitric oxide gives a gas contain- 
ing half\X.% volume of oxygen, but 
does not support combustion so 
easily as air or nitrous oxide. 

This arises from the circumstance 
that nitrous oxide is much more 
easily decomposed by -heat than 
nitric oxide. Combustion m 
nitric oxide, once it begins, is 
more vigorous than that in nitrou> 

oxide.) . . • I 

A taper burns brightly in the 

gas, and a glowing chip is re 

kindled, exactly as in oxygen. 

Nitrous oxide is, however, ( is- 

tiiiRuished from oxygen (i) bv its 

smell ; (ii) by its greater so ubiUty 

in water ; and (iii) by the fact 

that it does ‘not give a red gas 

(nitrogen peroxi<le) when mixed 

with nitric oxide (see p- /• . . , , nitj-nus oxide, but 

Feebly burninR sulphur « /onihustion rontinues 

:ith" bnlli" ncy“ I'Eus.Lrus burns brill.anrly : 
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sodium, potassium, and iron wire burn in the gas as in oxygeru 
A hydrogen flame introduced into nitrous oxide becomes greatly 
enlarged. 

In all cases the combustible unites with the oxygen of the 
nitrous oxide, whilst the nitrogen of the gas is set free. Nitrous 
oxide is an endothermic compound (p. 284) and is decomposed 
by shock, e.g., by exploding it together with electrolytic gas: 

2N2O = 2N2 + Og. 

Davy determined the composition of nitrous oxide by heating 
potassium in a measured volume of the gas confined in a bent 
tube over mercury (cf. p. 393). After cooling, an equal volume 
of nitrogen remained. Thus, nitrous oxide contains its own 
volume of nitrogen. The relative density of the gas is 22, hence 
the molecular weight is 44. But this contains a molecular 
weight (/.«?., an equal volume) of nitrogen, of weight 28, and 
therefore 44-28 = 16 parts, or one atom of oxygen. The 
formula is therefore N^O. 

The formula may also be established by exploding the gas 
with hydrogen in a eudiometer. If 20 c.c. of nitrous oxide are 
mixed with 20 c.c. of hydrogen and exploded, 20 c.c. of nitrogen 
are left. The hydrogen must have combined with 10 c.c. of 
oxygen to form liquid water, so that 2 vols. of nitrogen are 
combined in 2 vols. of nitrous oxide with i vol. of oxygen, and 
the formula is NgO. 

Nitric oxide does not explode with hydrogen, but if mixed 
vith an equal voliime of nitrous oxide both gases explode when 
the mixt ;• sparked with an equal volume of hydrogen : 

2X0 ^ 2X20 : 4 H 2 = 3^^^ 4H2O. 

If the composition ot one gas NoO) is known, that of the 
Other may be lourul bv ihis experiment. 

Nitrogen dioxide (or peroxide) ; nitrogen tetrozide. — The 
brownish-red gas termed bv the direct combination of nitric 
oxide with oxygen is nitrog^'n dioxide: 


^XO , 0 ,- 2 NO.. 

It is produced by the a^'tion of concentrated nitric acid on 
copper (Priestley) : 


Cu + 4 HN 03 = Cu(N03y,- 2NO2 + 2H2O. 

It is more easily obtained by the decomposition of lead nitrate 
by heat : 2PWN03), = .PhO + 4X0, + O,. 
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The dry powdered lead nitrate is heated in a hard glass tube, 
and the gas passed through a U-tube cooled in a mixture of ice 
and salt (Fig. 265). A yellow liquid collects in the cooled tube. 

A glowing chip held 
over the exit of the 
U-tube bursts into flamCj 
showing that oxygen is 
also evolved. 

Nitrogen peroxide is 
really a liquid substance 
at room temperature, 
but it is so volatile that 
the vapour is readily 

produced. It is very — 

poisonous and should — Preparation of Nitrogen 

not be inhaled. Peroxide by heating Lead Nitrate. 

nitmgen p'^efoxide fo?ms a pale yellow solid -, the liquid becomes 
darker coloured on heating and boils at 26“ yMng 
the density of which shows that it is largely N A> , 

NO2 is present. The vapour density becomes smaUer, and k 
colour of the gas darker, on further heating. At 140 Hk 

density shows that the gas consists solely of NUj. 

On Long heating, the NO^ decomposes into nitric oxide .ind 

oxygen, and the gas becomes colourless. On cooling, all <. 
above changes are reversed. 

N204?=^2N02^2N0 + Oj. 

Nitrogen peroxide does not easily support the combustuni 
of a taper, but brightly burning sulphur and phosphorus burn in 

‘^Nitrogen peroxide is absorbed by water fornaing a mixture 
of nitrous and nitric acids : 

2N02 + H2O = HNO2+ HKO3. 

Nitrous acid is unstable and much of it decomposes wtth 
evolution of nitric oxide : 

3HN02 = HN03 + 2N0 + HjO. 

Some of the nitrous acid decomposes into nitrogen trioiide, 
which colours the liquid blue : 

2HN02=N203+H20. 


V.EX. 


O 
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Nitrogen peroxide is absorbed by alkalies forming a mixture of 
equimolecular amounts of nitrite and nitrate : 

2NO2 + 2NaOH = NaNOa + NaNOg + 

Sodium and potassium nitrites are obtained by heating the 
nitrates : 2 KN 03 = 2KN02 + 02. 

a reaction which occurs more easily in presence of lead : 

NaNOs + Pb = NaNOa + PbO. 

They evolve a red gas with acids : 

2 NaN 02 + H2SO4 = NaoSO^ + H2O + NO + NOg. 
Nitrogen peroxide is reduced to nitric oxide by hydrogen 
sulphide: NO, + H„S = NO + HoO + S. 

♦The Inert Gases. 

In 1894 the late Lord Rayleigh found that the density of 
nitrogen gas prepared from the atmosphere was slightly greater 
than that obtained from ammonium nitrite or other chemical 
compounds containing the element. He remarked that Caven- 
disli in 1785 had noticed a small uncombined residue when air 
was sparked with oxygen over potash solution (p. 386), and 
suspected that atmospheric nitrogen might contain a small 
amount of a heavier gas, which does not combine with other 
elements to form compounds and is therefore not present in 
nitrogen comjmunds. In conjunction with Sir William Ramsay 
he succeeded in removing the true nitrogen from atmospheric 
nitrogen by sparking it witli oxygen over an alkali, and also by 
passing it repeatedly over strongly heated magnesium, which 
combines with nitrogen to form magnesium nitride. 

About one ]u r cent, of the atmospheric nitrogen was so found 
to consist of a 1 ew g.i.s, to which the name argon, derived from 
a Greek word meaning inert, was given. It was found to be 
completely inarti\ e chemically, it does not form any compounds, 
even with itself, so that its molecules are really single atoms, 
and the atomic weight is equal to the molecular weight, about 40. 
Argon is now obtained technically from liquid ox\’ge?i from the 
air, which contains about three per cent, of argon (p. 278). It 
is used in filling the best kinds of electric lamps. ‘ Gas-filled ’ 
lamps are generally filled with nitrogen. The tungsten filament 
in a gas-filled lamp may be run at a higher temperature than 
in a vacuous lamp without causing the glass bulb to become 
blackened by volatilised metal. 
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In iH68 Lockvcr and Janssen observed independently that 
the layer of the sun’s atmosphere from which flames or promi- 
nences are erupted gave a spectrum of bright lines, mostly <iue 
to hydrogen. 'I here was, however, a strong yellow line whuh 
could not be so identified, and after lull invoiigation. Lockj. r 



a, mo to the ron, lusio.. tl.m th.- I.,.,- was "'f . m. 

clement in the son. T.> tl.is unknow n t ie, net,. '»■ k’' " , 
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Fig 



. 267.^Neon Electric 
Tubular Lamp. 


so that it can be separated by liquefy- 
ing the other gases present with 
it. Helium, like argon, is completely 
inert, and since it is only twice as 
hea\'y as hydrogen (Hg = 2; He = 4) 
it has been used to a limited extent in 
filling airships in America, where large 
stocks of the gas are available, since 
the danger of fire and explosion is thus 
eliminated. 

Ramsay and Travers also discovered 
three other inert gases in the atmo- 
sphere ; neon, krypton, and xenon. Neon 
exists to the extent of about 15 vols. 
in 1,000,000 vols. of air, and is 
extracted and used for filling the 
electric lamp tubes used for giving 
the striking orange-red light in adver- 
tising and, since yellow or orange light 
penetrates fog much more easily than 
white light, neon lamps are used in 
fogs (Fig. 267). They were used at 
Lympne aerodrome, on the London- 
Paris air route. Sixteen neon tubes, 
each 20 feet long, were used, giving 
a total candle power of 6000. There 
was a gigantic neon lamp in the ground 
at the British Empire Exhibition at 

embley. Neon is also used in 
>parking plug testers. Krypton and 
xt*non arc present in air in very minute 
amounts : it has been said that if the 
molecules of air could be seen, and 
v'Te to pass belore the eye at the 
late oi one every second, an argon 
molecule would be seen every two 
minutes, a krypton molecule once 
every tight months, and a xenon 
molecule once every five or si.x years. 

An interesting use for helium has 
been pro))osed. Men working in com- 
pressed air, as in caissons under water 
in tunnel construction, often collapse 
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when brought too quickly into air at ordinar>’ pressure. This 
is due to the nitrogen of the air dissolving under pressure in 
the blood, tissues, and even the spinal cord. When the pres- 
sure is released, this nitrogen is liberated in bubbles which may 
destroy the spinal cord, affect the brain, interfere with the action 
of the lungs, and even cause death. This limits the depths 
to which divers may safely descend. Helium is much less 
soluble than nitrogen and diffuses more rapidly, so that it a 
mixture of oxygen and helium were supplied under pre^urc 
instead of ordinarj' air, practically no gas bubbles would be 
liberated when the pressure was reduced. 


CHAPTER XXIII 


CARBON 

The chemistry of carbon. — Perhaps no other element is so 
important in everj'day life as carbon and certainly none forms 
so many compounds. More than 200,000 carbon compounds 
have been described and the number is constantly increasing. 
The study of carbon compounds, many of which are of no 
particular interest, forms a special branch of chemistry’, which 
is still called organic chemistry, because living plants and 
animals are largely composed of carbon compounds and it was 
formerly supposed that, with the exception of a few simple ones, 
these compounds could be formed onlv by the agency of 
vegetable or animal life, or the ‘ Wtal force.’ 'This artificial 
barrier between compounds of carbon and those of other 
elements was broken down when it was shown, in the nine- 
teenth century, that many carbon compounds occurring in plants 
and animals could be sy/if/iesis€(i, j.e.. prepared from their 
elements, although a number of the more complex of them have 
still not been obtained in the laboratory. These syntheses, of 
course, bring us no nearer to an understanding of ‘ life,’ since 
no organic compound as such ever shows the slightest trace of 
vitality ; not even the complicated organic compounds obtained 
from plants and animals. 

By burning an electric arc between carbon poles in hydrogen, 
acetylene, QH., is formed : i ) & 7 

• 

This can be made to add on ilie elements of water to form 
acetaldehyde, CHg . CHO : 

C2H2-hH2().= rH3.CHO: 

from this, by reduction, alcohol is formed : 

CH3CHO-h2H = CHgCH20H (or C2H5OH), 

402 
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whilst by oxidation it yields acetic acid ; 

CH3CHO + O = CH3COOH 

From alcohol and acetic acid numerous derivatives can be 
formed, and in this way an ever lengthening chain of carbon 
compounds may be built up from the elements. 

The production of urea by heating ammonium cyanate ; 

NH4CN0 = C 0 N 3 H 4 . 

carried out by Wohler in 1828, is usually said to have removed 
the distinction between inorganic and organic compounds, but 
ammonium cyanate could not then be regarded as an inorganic 
substance, and the interest of Wohler’s discovery was that it 
provided an example of isomenstn (\ . 126), ammonium cyanate 

and urea having the same composition. ' , ^c 

The element carbon itself exists m allotropic forms, and of 
one of these (the so-called amorphous carbon) there are several 

varieties : 

(i) Diamond. 

,(2) Graphite 

(3) •Amorphous * carbon {fchoycoalt 

The X-rays show (p. rSp) that the so-called amorphous car- 
bons although having no external crystalline form, really con- 
tain sub-.nicroscopic crvstals of graph, te, so that there arc only 

two allotropic forms Oi carbon. m d is 

Diamond and graphite occur as minerals ; anthracii coal is 

a mineral form o^f amorphous carbon. Compounds ol 
and hydrogen called hydrocarbons, arc very luimerous and 
mixturL of tbcm are found in petroleum and in biluimnous 
coal (which also contains some oxygen and nitrogen). ^ on 

dioJde, CO,, occurs both 

carbonates, stich as calcium carbonate, f 

;ou cild:m und magncMun. -rl,on.,.« cdM 

Combined and free rarhon occur m cast ,run and comlHiud 

“^he tofc'of plants and animals contain compounds of 

S^pZ;ind^Vho”f^orl"" Th- 



EVERYDAY CHEMISTRY 


404 


cane-sugar, (. jjH.jjOi, : and cellulose, C gHj^Oj, or woody-fibre, 
all cxTurrinff in plants ; (2) proteins, such as albumin, gelatin, 
and a number ol ver\' complicated compounds occurring both 
in }>lanis and animals, which contain nitrogen, and usually 
sulphur and pho>phorus, in addition to carbon, hydrogen, and 
oxym-n. 

Diamond. — I he identity of the diamond with graphite and 
amnr[)h(ju> t'.jrbon (charcoal) was established by showing that 
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di.iinoihl was foreshadowed by 
-itiul.irity ot its retractive index 
'.i' 'phor, and amber, suggested 
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oxveen r "‘"y - ''urnt a diatnond in 
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from the focus, with a steady brilliant light. Nothing was 
produced but carbon dioxide, which rendered lime water milky. 
Smithson Tennant (1797) was able to burn diamonds by strongly 
heating them with fused nitre in a gold tube : he found that as 
much carbon dioxide was formed as Lavoisier had obtained 

from an equal weight of charcoal. . j 

The combustion of the diamond in oxygen may be exhibited 
by heating a splinter of carbonado (black diamond) to whiteness 
by an electric current in a spiral of 
fine platinum wire supported by 
copper leads inside a jar of oxygen 
(Fig. 269). A little lime water shaken 
up with the gas afterwards is turned 
milky. 

After many unsuccessful attempts 
to prepare diamonds artificially, the 
problem was to some extent solved 
by Moissan in 1893. He heated 
charcoal with iron in the electric 
furnace to a very high tempera- 
ture. Fused iron dissolves carbon ; 
on cooling the iron slowly most ol 
the carbon deposits as gra])hitc. 

When the iron is rapidly cooled, 
under ordinal y conditions, the carbon 
remains in solid solution as the car- 
bide, FegC. Moissan cooled the white 
hot molten iron containing carbon 
suddenly by plunging the crucble. taken f™" . ' 
furnace, into cold water. The outer portion ‘ 

and the still liquid portion imprisoned within •! ^hdificd m due 
course. On dissolving away the iron with o 'lorn ana 
residue was left containing some microscopic diamonds, rnosll, 

black, but some transparent. • n . nrhnn • 

Colourless diamonds are almost 

t^^i dTamld powder- and oil. The 

rock-drills or, when crushed, for cutting f 
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gaseous carbon monoxide, CO, is formed and then bums to 
carbon dioxide. 

Graphite. — Graphite (Greek grapho, I write), also called 
plumbago or black lead^ is a soft mineral which marks paper 
and is used in making ‘ lead pencils * (which contain no 



Fig. 270. — Technical production of Graphite in the 

Electric Furnace. 


metallic lead). It is also deposited from solutions of carbon 
m molten iron (see above), and is therefore sometimes found 
in blast furnaces in the form of kish. Graphite is obtained 
artificially by the Acheson process, in which a mixture of sand 
and powdered anthracite or coke is very strongly heated by an 
electric current passing through carbon rods embedded in the 
mass (rig. 270). artificial graphite is more expensive 

than natural graphite ; it is very soft and pure and is used in 
suspensions in water {aquadag) or oil {oildag) as a lubricant. 

<»raplme, unlike other non-metals, is a good conductor of 
electricity. It burns only at a high temperature and, on 
account of its refractory character, is used in polishing iron 
which IS exposed to heat and, mixed with clay, in making 
plumbago crucibles. Graphite is scarcely attacked by most 


reagents but concentrated 
nitric acid slowly converts 
T T it into a curious substance 

^ 1 I containing carbon, hydro- 

and oxygen, called 

T T T } T I graphitic acid. 

I I 1 I 1 Graphite, like diamond, 

is cr>\^talline, but the two 
crystalline forms are quite 
Fig 27 T Ti T p I fVL-rv*r- ^liffercnt. 

i 10. i-]\. i HE LINKING OF CAUaO.S' ij 

Atoms in the Diamond. “X Cleans of the X-rays, 

r u • ^arrangements of the 

atoms of carbon m diamond and graphite have been elucidated, 

and the results are shown in I-igs. 27 1 and 272, It will be seen 

hat each atom is pmed to another by four valencies, but whereas 

the valencies are equally distributed in the diamond, in graphite 
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one of the valencies joins an atom with another in a plane at a 
greater distance. The hexagonal arrangement in graphite, 
and the tetrahedral arrangement in 

diamond, are clearly seen. 

‘ Amorphous ’ carbon.—The follow- 
ing varieties of so-callcd amorphous car- 
bon are usually described ; 

I. Charcoal : from wood, sugar, etc. 

2. Lampblack : soot, gas black, acetylene 
black. 3. charcoal, bone charcoal, 

ivory black. 4. Coke (coal, anthracite, 
etc.). 5. Gas carbon. 6. Electrode carbon: 

arc carbons, etc. 

They arc all black and opaque, the 
density and hardness depending largely 
on the temperature at which they were 
formed. Most varieties of charcoal are 
far from pure; the purest forrn is 
obtained by heating pure sugar in a 
closed crucible and then heating the 
resulting charcoal strongly in a current 
of chlorine to remove hydrogen. 

Experiments with X-rays indicate T ".r,. 1 .U ..f 

called ‘amorphous’ carbon contain very minute (.r\>laN 

'^’ch'icoal.-Therc arc several varieties of ehareoaf Wo^ 
charcoal, lisetl as fuel in countries where wood ts “ ' j 

prepared by the destruct.vc distUlaUcn . 

position of the latter hy heat nlto volatde ,.arts, and 

™Th!r™is t arrietl ou, ,n : (a) pits .n heap, (nnrAO, 
(« closed ovens or retorts, d ""X,,,"’ .“d p',: 

and billets of woo.l stat ke.l round n 

being covered m with turf [J hums 
dropped ,i„„ a.hnmed thrtniph holes a, the 

^ in:!'; = 

Li:?!:;?tl:^s;o;^d !p, and r'w„od 


Fig. i 72 .— Tuh Li.sk- 
ING ot Caruo.s Atoms 
JN tiRAPHHli. 


that forms ol >o- 
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air is excluded (Fig. 274). The volatile liquid products are 
collected, and the inflammable gas is used for heating the retorts. 
The liquid distillate consists of (a) a watery portion, the ^ro- 
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Fig. 273. — Charcoal Meiler* 
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ligneous acid, containing water, acetic acid, ^methyl alcohol, and 
acetone, which are extracted ; (d) tar, which is valuable {e.g., 
Stockholm tar. from pine wood). 

\Vood charcoal is a black, amorphous, friable material, 
retaining more or less the original shape of the wood, but 
diminished in volume. Although the specific gravity of air-free 
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Fig. J74. -DisTir i..\TioN of Wood. 


charcoal is 1-4 to 1*9, the mass is wry porous, and floats on water. 
It the air is removed by placing the charcoal in water in a bottle 
connected with an air pump, the charcoal gives out bubbles and 
slowly sinks. Charcoal is very permanent on exposure to air 
and moisture ; charred oak stakes, planted in the bed of the 
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Thames by the Britons to resist the advance of Julius Ciu-ar, 

were found still sound at heart. *•. j w 

In virtue of its great porosity, charcoal readily adsorbs 

gases, i.e., condenses them on its surface. If a piece ol 
recently ignited wood charcoal is passed into a tube ol 
ammonia gas standing over mercury 
(Fig. 275), the gas is rapidly ad- 
sorbed ; the charcoal takes up about 
ninety times its volume of ammonia 

gas. 

A very active form of charcoal is 
prepared by heating the shell of the 
coconut ; ‘ active charcoal,’ used m 
gas-masks, is obtained by bleating 
charcoal, prepared at 850^-900®, in a 
stream of air, or in steam, when the 
material obstructing the pores is re- >75,-ADsoRriK'N- 

moved. It is also obtained by car- ok Ammonia c.as hs Cu.m- 
bonising wood which has been treated com.. 

with salts, such as zinc chloride . , rh ircodl 1)V 

magnesium chloride, which are removed ^ , 

washing with water or acids. It adsorbs 

:hoTsed'’'as'w\-ll‘’as antafcharcorand blood charcoal m 

decolorising suj^ar syr^up.orJmrem^otdng^^^^^^^^^ 

so°me "ndfgo solution with powdered animal charcoal and hlter- 

ing. The liquid runs through colourless. 

The decolorising charcoal ts ;>,k'’if;e"lifed by 

caustic soda solution and washing. 

heating to redness in closed retorts. nrf'nared bv 

charcoal, also known as ban, 
the distillation of bones m iron retorts. i P 

are a watery liquid which contains ammonia, gases, 

J The residue in the rcton .^,a^b^:,k^n.ss__com 

sr“yd::chi:^n^ aciL, th^ charcoa, 

variety of soot, prepaid 

by burning natural gas, turpentine, ^ fine variety 

ofair, and collecting the soot by deposition. Avtrynnesar y 
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for use as a pigment or as a filler in rubber tyres, is prepared 
from natural gas (^as black) ; another {acetylene black) from 
acetylene, at Shawinigan. Common lampblack is used in 
making printing ink and as a pigment. It contains some oily 
impurities which can be removed by heating in chlorine. 

Coal. — Two varieties of amorphous carbon, coke and gas 
carbon, are derived from coal, and since some varieties of coal 
(anthracite) contain more than 90 per cent, of carbon, they will 
be considered here. 


Coal is a carbonaceous mineral, which is the final result of a 
series of decompositions, which have occurred in the presence 
of a limited supply of air, undergone by vegetable matter of the 
remote past. High pressure, due to the weight of superimposed 
strata, was probably also necessary in these changes. A portion 
of the carbon, hydrogen, and oxygen was eliminated as carbon 
dioxide, water, and methane (CH4), and the residue became 
increasingly rich in carbon. 

_ The first stage in the conversion of vegetable matter into coal 
is represented by peat, which consists of accumulations of vege- 
table matter, chiefly mosses and bog-plants, which have under- 
gone partial change, and still preserve evidences of organic 
structure, although the deeper layers may be more compact and 
homogeneous. The next stage is represented by lignite, or 
bro^ coal, winch is more compact than peat, and is lustrous, 
although impressions and remains of vegetable fragments 
eavp, etc., are still distinct and numerous. Large beds of 
l^mte occur near the surface, in many parts of Germany, 
Hungary, and tlie Mississippi Valley, and are utilised as a cheap 

ormlments"^ ^ variety of cannel coal, used for 


The next stage of the process leads to the very important 
types of bituminous coal, common coal. These are complex : 
distinct evidences of vegetable origin are still present, and the 
original plants are .sometimes found fossilised. Bituminous 
coals burn with a bright smoky flame, and are further divided 
into c^ing and non-caking coals, according as they do or do 
not soften and fuse together on burning or coking. Cannel coal 
IS a compact, non-lustrous variety, dull grey or black in colour, 
breaking with a conchoidal fracture, and yielding a large amount 

of gas and little coke. Splinters of cannel coal burn like candles 
when Ignited, hence the name. 

The latest stages in coal-formation consist chiefly of carbon, 
and are known as anthracite. Anthracite has a high ignition 
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point, usually a brilliant lustre, and a concho.dal fracture ; it does 
Lt bum with a flame, and gives very little smoke. It burns 
slowly and gives an intense heat on combustion. Anthracite 
occurs locally in many coal-fields, such as South Wales, 
Scotland, and Pennsylvania. Graphite may represent the ulti- 
mate stage of the decomposition, since it always contains a little 

^^Th? {-Slowing table shows the change in composition which 
occurs during the conversion of woody matter into coal, with 
the corresponding increase in calorific value (p. 4 >2). 


G.*llulose 
W^ood - 
Peat 
Lignite - 
bituminous coal 
Welsh steam coal 
Anthracite - 
Pure charcoal 
Petroleum 
Coal gas 
Hydrogen 

^ I ♦ ^ 



carbon. 

Hydrocen. 

Oxygen. 

^ 1 

C;i tori lie Value 
B.Th r per lb. 


44'5 

6-2 

40-3 
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500 

60 

440 

7.400 


600 

59 

34 -* 

o,<ioo 


67-0 

5-2 

278 

1 1 ,700 


88-4 

5 <> 

60 

• 4.<).‘50 

' 

02-5 

47 

27 

15720 


[ <Mt 

3 4 

2-5 

•5 720 


100-0 



M -544 


^^ 5-5 

14-2 

03 

19.800 





19.220 



1000 


62.100 

• 

. 52-2 

130 

34-8 

1 1 . i(>o 


bS,v.r»»w.«i ...... - 

are given for comparison.) Uvviroc'irbon oil by heating 

„ ^ t ..i- 

Bergius process). . j a sinoke- 

4 moke abatement.- 1 he conversion 

less domestic fuel '’y ‘ ^'residue which burns more 
that used in gas-making, ,u ^^abiect of much experiment at 
readily than gas coJjC’ ^ ^ ^ ^ is perhaps a more immediate 

the present time. I m e g ... onomical utilisation 

rf'ccJis fofor. bH.uiu, a very impor.an. .scic.uific problem, 
apart allogcthcr from the prevention of Miioke . 
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As at present burnt, coal is responsible for the production of 
vast quantities of soot and acid gases. It has been calculated 
that the deposit of soot in London amounts annually for each 
adult male inhabitant to his own weight. Another calculation 
states that, of the 40^ million tons of coal burnt for domestic 
purposes in Great Britain, the loss as smoke amounts to about 
gjj- million tons of potential fuel, but this is probably somewhat 
too large a proportion, -although the cost for laundry work, 
painting and decorating, and the impairment of health caused 
by smoke are all very important. 

Even when the smoke problem is solved, the problem of 
the emission of acid gases (sulphur dioxide) from the com- 
bustion of fuel remains to be dealt with. The amount 
of sulphur dioxide which would be emitted from the chim- 
neys of one of the ‘ super power stations ’ would be enormous 
and some means of removing this gas, sav by washing the 
furnace gases, is necessary. The amount of sulphuric acid 
corresponding with the sulphur m the coal burnt annually in 

London is from half a million to a 
million tons. The black particles of 
soot which settle out of the air may 
contain front 4 to 8 per cent, of free 
sulphuric acid» and they have a very 
destructive effect on vegetation and on 
stone work. The total deposit of solid 
matter from the atmosphere per square 
mile from October to March is 532 
tons in Oldham, 286 tons in Liver- 
pool, 263 tons in Manchester, 249 tons 
m London and 158 tons in York. It 
is estimated that 70 per cent, of London 
soot IS due to domestic fires ; in indus- 
trial towns the figure is probably about 
30 per cent. 

♦Calorific value of fuels.— The heat of 
combustion of a fuel such as coal is deter- 
mined by burning a weighed amount of 
It inside a strong metal bomb (called a 
calorimeter) (Fig. 276) containing 
. • , . ... - . ^o^^^pres.scd o.xvgen. The coal is con- 

f and is ignited by means of a 

^ 'T ‘'''"'''"n current and sup- 

ported just over the spoon. (The known heat of combustion of 



Fig. 276. — Bomb 
Calorimeter. 
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the iron is subtracted from the total heat evolved.) The bomb is 
immersed in water in a calorimeter and the rise in temperature of 
the water measured by a delicate thermometer. The calculation, 
which involves the ‘ water equivalent ’ of the apparatus, is made 
in the usual way. The result is usually called the calorific value 
of the fuel, and is given as the number of heat units ppduced 
by the combustion of unit weight of fuel. The calculation may 
take account of the condensation of the water produced in the 
combustion (‘high value’) or not {‘ low value ’) : m actual 
practice the water vapour will not usually be condensed and its 
latent heat will not be available. The calorific power of gas is 
determined by burning the gas in a special calorimeter of in- 
genious construction so that the calorific value is continuously 
and automatically registered by the apparatus itself. 



CHAPTER XXIV 

THE OXIDES OF CARBON 

Carbon dioxide. — There are two important oxides of 
carbon, both gaseous, viz. carbon monoxide, CO, and carbon 
dioxide, COg. Both are of direct interest in everyday life. 

Carbon dioxide, called gas syhestre by Van Helmont about 
1630 (p. 78), was studied by Black (1754), who called it fixed 
atr. Lavoisier m 1783 showed that it was an oxide of carbon, 
determined its composition by burning diamond and charcoal 
in oxygen, and called it carbonic acid gas because it was an acidic 
oxide, forming \vith basic oxides salts called carbonates. Many 
carbonates (chalk, marble, washing soda, white lead) are of 
importance, and mineral carbonates are common. 

Carbon dioxide issues in abundance from the earth in certain 
localities, such as the Poison Valley (Java) and the Grotto del 
Lane (Naples). It occurs in many mineral waters, such as 
those of belters and Vichy. By the combustion of carbonaceous 
fuels, large quantities of carbon dioxide pass into the atmosphere. 
The latter contains about 3 volumes of this gas in 10,000. Carbon 
dioxide IS formed during respiration, as may be shown by 
blowing expired air through lime water, which becomes turbid 
owing to the precipitation of calcium carbonate. The fermen- 
tation of sugar, in the preparation of beer and wine, produces 
carbon dioxide and alcohol : 

= sCgHjOH {alcohoT) + zCOg. 

Other kinds of fermentation and the decay of organic matter 
also produce carbon dioxide, so that it is evolved from the soil. 

Preparation of c^bon dioxide.— Carbon dioxide \% formed by 
the direct combustion of carbon in oxygen, but is usually pre- 
pared by the action of acids on carbonates. Broken marble and 
dilute hydrochloric acid are the best materials to use, and 
they may be charged into a Kipp’s apparatus : 

CaCOg + 2HCI = CaClg + COg + HgO. 
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(Dilute sulphuric acid should not be used with rnarble, since 
the sparingly soluble calcium sulphate 
marble and soon stops the action of the acid.) 
collected by downward displacement since it is rather soluble n 
water and is 1 .V times as heavy as air. It may be washed « ith 
water and dried by sulphuric acid or calcium chlonde. 

Pure carbon dioxide is obtained by heating pure sodium 

bicarbonate : ^ 

2NaHC03 = Na2C03 + C02 + H20 ; 

or by the action of dilute sulphuric acid boiled to expel air, on 
pure sodium carbonate : 

NajCOa + H2SO4 - Na.SOi + CO, + H, 0 . 

Carbon dioxide is evolved on heatinR carbonates ; all these 

except the normal carbonates of the alkali 

carbonate, e.g.. ch.ilk, limestone, marble, mag, its, alba, etc., 

give off carbon dioxide at a red heat . 

CaC0:,^CaO + CO2. 

The fras is therefore produced in lime burning. 

Ba^ktng powlr contains sodium bicarbonate and tartaric 

acid which do not react when dry. n presence of water 
sodium tartrate is formed and carbon dioxide is evohed, 
bubbles of which are expanded by heat on baking . 

eNaHCO^.C^HA rH,0. 

Health salt is a similar mixture. The fermentation produced 
hy /east in the baking of bread forms carlion dioxide, which 

gives the dough a spongy texture. which 

Sodium bicarbonate alone, and ammonium 
evolve bubbles of carbon dioxide on licuting, arc also used 

'’liberties of carbon dioxide.-Carbon diox^ is a co^rless 
heavy gas with a faint pungent smell ^ 

extinguishes a but^ng “ aJes to 

decanted upon it from a large jar. 
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Fire ertmgmshers (Fig. 277) consist of a strong metal vessel 
containing a sol^ution of sodium carbonate, with a glass bottle 
of sulphunc acid inside. By means of a rod attached to a knob 



Add 


Carbortotc 

solution 



Fig. 277.— Carbon Dio.xide Fire Extinguisher. 


may be inverted 

hL* ® 1*^^ vxti^uisher so as to pour the acid into the car- 
bonate solution The i^ture of liquid and gas then issues 

iorably from the nozzle. 

For extinpishing oil and petrol fires, 
s used. Thjs IS a froth of bubbles of carbon 
dioxide which floats on the burning oil, and is 
produced by mixing a solution of sodium car- 
bonate containing liquorice (which causes foam- 
ing) with alum. Water alone sinks in burning 
Oil and IS almost useless. ^ 

V' of extinguisher {pyrene) contains 
liquid carbon tetrachloride and a pump for 
spraying it on the fire (Fig. 278). The heaw 
vapour exdudes air, and tge fi're goes out II 
a strong wind it is not so effective. 

/^nitxr K Carbon dio.xide is liquefied without great diffi- 

y by compression : its critical temperature is + 21° Carbon 
d ox^e evolved m fermentation is collected for use in America 

ar H n K T • ®°"'mercial gas is produced from marbleTid 
acid, or by burning coke. The gas so formed by combustbn 


Fig. 278.— 
Pyrene Fire 
Extinguisher. 
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must be purified bv washing with water, absorbing the carbon 
dioxide from it in potassium carbonate solution, when potassium 
hydrogen carbonate {bicarbonate) is formed, and decomposing 
this by heating, with evolution of pure carbon dioxide, leaving 
potassium carbonate for use again : 

KaCOa + HjO + COjC^^KHCOa. 

The liquid, obtained by compression, is sold in large steel 
cylinders, from which the gas may be taken by standmg the 
cylinder upright with the valve above. If the cylinder is hud 


• , 


Lj<|uid 
Mercury in 
tube 



Solid Mercury 


Solid Carbon Dioxide 
Snow 





Fig. 279.— Solid Carbon l)ioxn>E ani) I'ro/i-.n Mkuccry. 

on its side and the valve opened, a jet of liiiuul l arbon dioxule 

issues from it. which, owing to further . oohng 

tion, at once freezes to a snow-hke solid (I ig. 

be collected by firmly tying a canvas bag to Die jet. I lu > ' * ' 

now made industrially and called dry '.‘1^" 

residue, and is used for refrigeration. Men ury is rapid \ In 
in a mixture of solid carbon dioxide and etlier < - / 8 C.) (! 1^. 

270). I 

Carbon dioxide gas does not support respiration : animals 
die in it from sulTocalion, but it is not poisonous. he ^ ^ 

of the gas in cellars, wells, etc., is easily detected by the 
of a lighted taper, which occurs with a proportion of ar o 
dioxide much smaller than any amount dangerous in respiration _ 
Burning magnesium ribbon continues to burn in a jar ot 
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carbon dioxide, withdrawing the oxygen from the gas and setting 
free the carbon : = aMgO + C. 

When the solid product of combustion is treated with dilute 
sulphuric acid the magnesia, MgO, dissolves and black specks 
of carbon are seen floating about in the liquid. In this W’ay the 
presence of carbon in the gas may be demonstrated. 

A characteristic reaction of carbon dioxide is the formation 

of a white precipitate of calcium or barium carbonate when the 

gas is passed into or is shaken with lime or baryta w’ater. 

The calcium carbonate dissolves in excess of carbon dioxide to 

form a bicarbonate, but barium carbonate, BaCO,, is insoluble 
(p. 298). 

Water at room temperature dissolves about its own volume of 
carbon dioxide. Under pressure the amount dissolved in- 
c^ases. On lowering the pressure, the gas escapes with vigorous 
effervescence, although the liquid remains supersaturated, and 
evolves gas slowly for some time. If the liquid is stirred, or if 
porous solids such as sugar or bread-crumbs are throwm into it, 
brisk effervescence results. The whole of the carbon dioxide 
dissolved m w'ater is expelled on boiling. 

Aerated waters {e.g., soda water) are charged with carbon 
dio.xide gas under pressure ; ‘ sparklets ’ are small iron bulbs 
containing liquid carbon dioxide. 

C^bonic acid.— The aqueous solution of carbon dioxide has 
a taintly and taste, and turns litmus a port wine red colour. If 
the amount of dissolved gas is increased by pressure, the litmus 
turns bright red. The liquid contains a very weak, dibasic, 
unstable carbonic acid, very probably H2CO3 : 

H^O -t CO.^H.COa, 

wdiich forms two series of salts ; 


i HCO3' ; the ion of the bicarbonates ; 

T— H + CO3 ; the ion of the normal carbonates. 


Sodium hydrogen carbonate, or sodium bicarbonate, NaHCO.; 
(normal) sodium carl>nnate, Xa^COa. 

n hydrogen earbonate. or calcium bicarbonate, 

L.a(HUU3)2 ; (normal) calcium carbonate, CaCOa 

In aqueous solution the normal carbonates react alkaline, 
owing to hydrolysis (p. 224) : 


NaXOa ) H .O^XaHCOj + NaOH. 
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The composition of carbon dioxide— The composition and 
formula of carbon dioxide are of great importance, because the 
amount of carbon in organic substances is determined by 
burning the substance, mixed with copper oxide, stream ot 
oxygen and absorbing the carbon dioxide m weighed bulbs 
containing potash solution or soda lime. From the increase 
in weight of these bulbs, the amount of carbon dioxide evolved 
is found and thence, when the composition of carbon dioxide 
is known, the weight of carbon in the known weight of substance 
taken can be calculated. Since hydrogen is usually also P^esen 
in organic substances, it burns to water, which is absorbed m 
weighed calcium chloride tubes placed before the apparatus for 
absorbing the carbon dioxide. Oxygen, if present is es ima ed 
by difference. Nitrogen when present must be estimated 

separately. 




Fig. 280. — Composition of Carbon Dioxide by \\ eight. 

The composition of carlion dioxide by weiRh! is found by 
burning a weighed amount of pure carbon (c.^. diamond, or 
purified sugar charcoal) placed in a small porcelain boat A 
(Fig, 280) inside a hard glass tube containing a 
oxide, if, which is heated to redness in a furnace. The » o™ 
is firs pkssed through purifying tubes conta.ning ^ "Un >.ch 
of causnic potash. A, B, whirl, remove 

moisture. The carbon is healed, and burns. Sor l e c. on 
monoxide (CO) which is also formed is eoiiverted 
dioxide by the hot eopper oxi.le, and 

collected in the bulbs, C, containing potash e'e 

calcium chloride tuhe, P. .0 prevent loss ol 

bulbs arc weighed. It is found that 12 parts of tarbtn 

combine with 3^ P-ts of oxygen. Hy hurmng a p... o 
charcoal In oxygen in the apparatus ^houn in 1 ig- -.>4 ' . 
b fou^d Uiat 'Irbon .l.o.ulc , o-n>au. iP 

Sve densUy r '2 2!‘‘theR4orrihe 

“iS:: the fommu 

is COa- 
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’^The carbon dioxide cycle. — In early geological periods the 
atmosphere of the earth was probably very rich in carbon dioxide 
whilst the primary rocks, such as felspar, K20,Al203,6Si0,’ 
consisted almost entirely of bases (potash, KgO and alumina, 
Ai.Oa) combination with silica, SiOj. At high temperatures, 
silica displaces carbon dioxide from carbonates, forming silicates! 
As the temperature fell, the carbon dioxide and water in the 
atmosphere began to decompose the silicates, with the formation 
of free silica (quartz), aluminium silicates (clay), soluble alkali 
carbonates, and bicarbonates of alkaline earths (^.^., potassium 
carbonate, and calcium bicarbonate) : 


^2^)'^^2^3)bSi02 + CO 2 + zHqO 

= K 2 C 0 ; + Al203,2Si02,2H20 + 4Si02. 

Tliese soluble carbonates (e.g.. K^CO^ were partly retained in 
ine soil formed by this weathering or pneumatolysis of the primary 
rocks, and were partly washed away to the sea. 

Meiuiwhile, the water of the sea had come into equilibrium 
with the atmospheric carbon dioxide, and dissolved a- portion of 
it. Ihe calcium and magnesium bicarbonates were utilised by 
marine organisms, which retained the normal carbonates, and 
set free half the carbon dioxide, which was again evolved to 
the atmosphere. When the organisms died, the calcium car- 
bonate of their shells was deposited in the form of chalk beds, or 
cora reefs (a process which is still going on), producing sedi- 
menta^ rocks. In this way carbon dioxide was largely removed 
from the atmosphere and stored up in the form of sedimentary' 

mnPh u present, about 30.000 times as 

much carbon (iio.xuie is contained in rocks as exists free in the 
atmosphere. 

proportion of rarbon dioxide in the atmosphere was thus 
reduced and further diminution occurred as a 
litht g^oiyth of ^rten p/an/s under the influence of sun- 

\Af (lecomposition of the remains of these early 

k Hr. 1 ^ " formaiion of coal deposits, in which the carbon 

carbon ^ contained in tlic- free state, or as hydrocarbons rich in 

The gro\^ of plants, -r.reen plants contain a green pigment 
known as chlorophyU, which may be extracted by boiling alcohol. 

1 his pigment occurs associated with protoplasm in the form of 
corpuscles known as chloroplasts, which are the active agents in the 

decomposition of atmospheric carbon dioxide bv plants under 
the influence of sunlight. ' 



THE GROWTH OF PLANTS 


421 


Carbon dioxide is absorbed by all parts of the surface of the 
plant which contain chlorophyll, but mainly by the leaves, and 
it supplies the material from which the plant builds up its 
tissues. It is converted in the leaves, under the action of light, 
into carbohydrates (CH^O)^ (p. 403)- 'The net result of this change 
may be represented by the equation : 

xCO^ + xH^O + energy of light = (CH^O), + .vO^. 

The production of oxygen from carbon dioxide by the agency 
of living green plants under the influence of light is readily 
demonsfraTed by experiment. Watercress or mint is put into 
a flask filled with tap water and 
provided with an arrangement for 
collecting gas (Fig. 281). On ex- 
posure to bright sunlight, bubbles of 
gas rise from the leaves and collect in 
the test-tube. These consist largely 
of oxygen. 

Priestley in 1771 showed that when 
sprigs of mint were placed in air 
which had been vitiated by respiration 
or by burning candles, the air was 

considerably improved. He later ,81.— Proiioction 

noticed that the ' air given out in o.xyc.en from c arhon 

bubbles from plants immersed in nv Green Plants. 

water was much richer in oxypn r-^nn^.rtprl 

than common air, an<l showed that this result wa.s « 

with the carbon dioxide tlissolvcd m the w.rter. He h. ■ t 

light was necessary, but did not arrive at a clear understanding 

“S'Jjgen-Houss in 1779 showed iha. light of suftieient intensily, 

carbfn dioxide, anri a .?/•«« plant are and 'I Iw roots 

proved that the green part of a plant m the da , 

both in light and darkness, vitiate the air m "S,'' 

as the breathing of animals. Ingen- Houss 

evolution of carbon dioxide also went on durin., ixpo.uri 

“^eodore de Saussure in showed that 

carbon dioxide is decomposed by green „i Carbon 

oxygen set free is very nearly equal to the 
dioxide decomposed. This important rtsvi 
Boussingault in France, who suggested that a sug^ 
is formed in the as^milation process, ant 
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theory which had arisen, accepted by Saussure and Treviranus, 
that plants assimilate organic matter (Jiumus) from the soil, 
rather than carbon dioxide from the air. 

Plants require oxygen for their life processes, and evolve 
carbon dioxide. In the dark, when the photos)mthesis is 
arrested, this respiration is the only process of gaseous exchange 
taking place : during the day much of this carbon dioxide may 
be decomposed by the chlorophyll. 

In the leaves, the sugar first formed in photos5rnthesis is con- 
verted into granules of starch, (CeH,oOs),, when the cells con- 
taining chlorophyll contain an excess of sugar. These starch 
granules disappear in the, dark and appear in some other part 
of the plant. It is supposed that solution of the starch by an 
enzyme called diastase {q.v) occurs (p. 503). 

Considerable quantities of water vapour are also given off 
from the leaves during photosynthesis. 

Plant fertilisers. — Except in the cases of parasites (when the 
roots penetrate into the tissues of other plants and take up 
carbohydrates from them) or saprophytes {e.g., fungi, which 
take up carbohydrates from dead organic matter), plants obtain 
all their food from inorganic materials. 

Besides the gases mentioned above, plants require also mineral 
matters, which are absorbed in solution from the soil by the 
roots. These include combined nitrogen as nitrates ; potassium, 
calcium, magnesium, and sodium salts; phosphates, chlorides, 
.Silica, and sulphur as sulphates. The normal soil always 
contains suth'^ient amounts ol all these, except potassium salts, 
nitrates, and phosphates, which may have to be added in the 
form oi manures, or fertilisers. Potassium salts are added in 
the form of potassium chloride or sulphate, or the crude 
potasli minerals of Stassfurt. Combined nitrogen is supplied 
m the form of Chile nitre, ammonium sulphate, cyanamide 
CaCNj, calcium nitrate, bone meal (containing phosphate), 
hsh meal, flesh meal, blood, guano, and other nitrogenous 
animal products, and farmyard manure. It is in all cases 
converted before assimilation into nitrates by the activity of 
micro-organisms in the soil (j). 370). Phosphates are supplied 
as soluble superphosphate of lime, basic slag, bones, or other 
phosphates which can be dissolved bv the carbonic acid evolved 
by decaying vegetable matter (humus) in the soil. Chalk, 
hme, and gypsum are applied to some soils. Small quantities 
of other elements (boron, manganese, iron) are said to be re- 
quired for the sprouting of the seeds and the growth of plants, 
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and these are normally taken from the soil. The inorganir 

source of the food of normal plants was first ’■'j™®™'''- 

bv Liebic who first laid down a rational iheor) of fcrtili- . . 

^Onrhundredweight of sodium nitrate or ammonium sulphate 
or°rhundr"dweigltts of cyanamide applied ,,er acre mcreaws 
the yield of potatoes by i ton, of wlieat b\ 4.. bushtls, 



. .• . Iv-l.udi.N ()it< >'l 

by ()}, bushels, and of o.ii' . ,nf>u''li 1"‘«1 t'> -ati.'ty .1 

these fertilisers will thenlon- 1'"' ‘ ,i.|t,., <'t 1 lb ol 

man’s re()uin-tnents tor ..p ^\|ll.\Hid rie.npli 

eombined iiitro^;<ii pr«.p<il> 

food to keep a man . ,,, m.irine or^ani'inN 

liy the a.tiviiy ol pn ' " *' '• J , ,,,,,,.,,1 t,t lia ;M nto-pla re 

(p. 420), th.r.tf.re.tlK .ar 'un ^^^ ^ 

lends to be reduced. Ut nm 
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which tend to increase the atmospheric carbon dioxide. These 
are combustion and respiration. 

‘■-'^P^'nrnenters, such as Mayow, Scheele 
I rust]. >, and Lavoisier, were ;d! aware of the great similarity 
H tween combustion and respiration. Lavoisier pointed out that 

nu^^dfor Tri r" r'" carbo^ceous 

Kdt d. and that ^///waZ heat is the result of this chemical process 
o. oxidation (I-ig. .Sj), The presence of carbon dioxidT.^ 



-r,„ ON respiration. 

tliiri u-alls, through wi , ; ,'™"’ i 

■uui rarhon dio.4l,. ' '-'’change ot dixsolvcci oxygc 

takes place through th skm ■ ilh V,r ’ <>'. i-espiratic 

marked in some aniu, ! 
dissolved oxygen is ahs,,- - , ! ,1,^. 

: '-'"i - 
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takes place in the tissues. The blood holds in suspenMon 
corpuscles containing a red colouring matter, haemoglobm 
consisting of a coloured compound c^taining iron, called 
haematm, with the formula C:yH33N4Fe05, the same 
animals, associated with a protein group called globm. which 

differs in different animals. . 

Haemoglobin absorbs one molecule of oxygen, producing a 

bright red substance, called oryhaemoglobm. which exists m 
the blood of the arteries, passin^g from the lungs ‘o ‘he tissue^s 
In the latter, the loosely-combined oxygen is absorbed, and 
oxidation processes occur. These are the source of ammal 
heat and energy and one of the products is carbon dioxide, 
which remaTnf^k solution as carbonic acid or b^arbonates. 
The de-oxygenated blood corpuscles have now a 
colour and%rt of the blood containing them passes bark to 

the heart by the veins, to be pumped to the lungs for 

The aniLl body may in some respects be compared with an 

engine the material of which serves as its own iucl. 

The ex^nsion and contraction of the lungs, by wh.ch 
resDiration'^ occurs, are brought about by movements of the 

j* j .L- -jhc hnth of which arc oo-ordinutcd b\ 

diaphragm and the ribs, botn oi \snKn . . • 

nervous centre situated in the lower 

nervous centre works automatically; it is stimulated t)> t 
"rTonic acTdissolved in the arterial Itlood P-^^^^hrouj^ u 
and the activity of the carbon dioxide appc,irs to in d“c ^ > 
to its “XT m the concentration of liy.lrogcn ions m tl c I, loo 1 . 

tL acidity consumt whhin 

fir'r Sr-rb^n 'lii^id^r tt tii: 

tained between the proportions of ox>gcn anu 

trbon dioxide,- Norma, miu^r air c^uiis 

about 3 volumes of carbon dioxidt pt , vtiuil itcd the 
towns, and especially in rooms ™*', ‘ ent y 

proportion of carbon dioxide may rise ° 
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and impedes the evaporation of perspiration. One important 
function of ventilation is to keep the air in motion, so that the 
ev^oration of moisture from the skin is not retarded. 

The total amount of carbon dioxide in the atmosphere corre- 
sponds with about 600,000 million tons of carbon. The sources 
of atmospheric carbon dioxide are : respiration of animals and 
plants, combustion, fermentation, putrefaction, the soil (worms 
decay, and gas of volcanic origin), mineral springs, volcanic 
activity and lime-bummg. Atmospheric carbon dioxide is 
diminished by : absorption by the sea, photosynthesis by 
green plants and the weathering of rocks (1*62 x io» tons of 
carbon dioxide per annum). On the whole, the proportion of 

the atmosphere appears to be slowly increasing, 
and slight changes of climate may be due partly to this cause. ^ 

Carbon Monoxide. 

Carbon monoxide.-Above a clear fire are seen flickering 
blue flames. Carbon is not volatile, and we should not havf 

directly produced 

directly. The flame is due, in fact, to a gaseous lower oxide of 

carbon, carbon monoxide, 
CO, burning to carbon 
dio.xide. 

Carbon monoxide (some- 
times called carbonic oxide) 
occurs in coal gas, in the 
2Co*o^^2co^ fumes from burning char- 
coal and in the exhaust 
from motor engines. The 
noxious character of all 
these gases is due to the 
carbon monoxide, which is 
an exceedingly poisonous 
pas ; it is particularly 
dangerous because it has 
little smell and acts so 
rapidly that collapse renders 
the victim incapable of 

Carbon monoxide was obtained bv LaJ’soner.-fifi ’ 






CO * C « 2C0 


-C4£),*=C0^ 


Fig. 284. — The Chemistry of a Coke 
(or Charcoal) Tike. 



CARBON MONOXIDE 


427 


The formation of carbon monoxide in a fire is usually explained 
by the reduction of the carbon dioxide, produced in the lower 
part of the fire in presence of the free air, to monoxide m passing 
through the mass of incandescent carbon in the centre of the 
fire (Fig. 284). Carbon monoxide is, in fact, produced when a 
slow stream of carbon dioxide is passed through a strongly 
heated tube packed with charcoal : 

C02 + C?^2C0. 

Some chemists, however, consider that carbon monoxide is 
a primary product of the combustion of carbon. Carbon 
monoxide is also produced by heating the oxides of zinc iron 
or manganese with charcoal, or charcoal with chalk (calcium 

carbonate) : znO + C = Zn + CO ; 


CaC03 + C = Ca0 + 2C0. 

Preparation of carbon monoxide. — In the laboratory, carbon 
monoxide is most conveniently prepared by dropping concen- 
trated sulphuric acid into formic acid or (more conveniently) 
on to solid sodium formate ; 

H . C00Na-l-H2S04 = NaHS04 + H . COOH ; 

H . COOH (formic acid) = HjO + CO. 

The sulphuric acid ‘ abstracts the elements of water ’ from the 
formic acid, leaving pure carbon monoxide, winch is evolved as 
a gas and may be collected over water. It may be dried by 
sulphuric acid or calcium chloride and collected over mercury. 

Crystals of oxalic acid, on warming with concentrated sul- 
phuric acid, evolve a mixture of equal volumes of carbon 
monoxide and carbon dioxide. On passing the gas through a 
solution of caustic soda the carbon dioxide is removed and tlic 
carbon monoxide may be collected : 

(C00H)2 = CO + COa + H2O. 

Potassium fcrrocyanide on heating with concentrated sul- 
phuric acid evolves carbon monoxide rallier violently : 

KTcCbN- fiHjSOa 6H2O = 2K2S04 

•i-FcS04-f-3(NH4)2S04 + 6CO. 


Greaf care must be exercised m all experiments wtlh carbon 

monoxide, as it is very poisonous. . 

Properties of carbon monoxide.— Carbon monoxide is a 
colour^ss gas with a peculiar faint smell. It is very poisonous, 
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being absorbed by the haemoglobin of the blood to form a very 
stable bright red carboxyhaemoglobin, thus displacing oxygen 
from the blood and preventing it from combining with haemo- 
globin and so reaching the tissues. Many deaths have been 
caused by the carbon monoxide present in coal gas, in gas from 
coke and charcoal fires, and in the exhaust gas from motor 
engines. 

The air in towns with much motor traffic may contain appreci- 
able amounts of carbon monoxide. A recent analysis of the air 
m Paris streets showed the presence of 0*44 parts of carbon 
mono^de and 3 4 parts of carbon dioxide in 10,000 volumes of 
air. One volume of carbon monoxide in 800 volumes of air is 
fatal when breathed for half an hour, and even o*i vol. in 10,000 
of air IS said to produce unpleasant effects when breathed for 
some time Giddiness and headache produced by riding in 
badly ventilated closed cars are generally due to penetration of 
exhaust gas from leaks, or gas escaping past worn pistons into 
he crankcase and thence into the car, or even by being blown 
by wind from the exhaust pipe through leaks in the floor A 
properly ventilated closed car is quite free from danger 
Considerable attention is being paid in the United States to 
the concentration of carbon monoxide in tunnels carrying 
automobile traffic It is assumed, on the basis of experiment^ 
that 4 parts of carbon monoxide per 10,000 of air, by volume, is 
the maximum tolerable concentration. This produces no 

fbrTnn^ *^ ,f breathed for one hour, but if endured 

for longer penod.s it may cause headache, nausea or weak- 

• H apparatus has been installed in the large 

new Hudson Tunnel m which a sample of the air (purified 
from moisture and other gases) is passed over a gmnular 

ffiSe "lo m (consisting of 50 parts of manganese 

(Co O *5 parts of cobaltic oxide 

monoidP fn ^ ^ - *■ oxidises carbon 

dioxide. Heat is 

couDlls recorded by thermo- 

f Estim^ates ot tiie carbon monoxide produced by 

gave ?! cT^ft "f ^ speed of 15 miles per hou^ 

gave 41 cu. ft. for small oars to 184 cu. ft. for large tru^cks, per 

Hopcalite may also be used in respirators, in mines • 

chloriLTn^the of the air, say'^with calcium 

cnioride in the respirator, is essential. 

The ordinary charcoal respirator (or ‘gas-mask’), mentioned 
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on p. 409, may be fitted with a cotton-wool filter to tox.c 

smSies but it is inactive towards carbon monoxide, so that it 
gTves n;tprotUtion. for example, against po.sonmg by coal gas, 

which contains carbon monoxide. . 

It is finnortant to remember that dangerous amounts of 

5 s ssJ= 

were not properly rem^ovcd. formed in coal 

generally '“ke ^ monoxide and chlorine, 

r V. Si w^^c^ csr 

®dhec? comb" ifion Vi'es^nce of sunlight or of charcoal . 

CO + Cl2 = COCl2. 

carbon monoxide liq-fied wi^ S-ter ^dimcuhy 

than carbon dioxide (cA N solution of cuprous chloride 

in water but is absorbed f be used to 

in hydrochloric J** "" Carbon monoxide forms corn- 
separate It from ^ c^boDvU. c.^.. nickel carbonyl, 

pounds with some metals „ g^e usually volatile liquids. 

Sji(CO)„ and J):ybuming in air or oxygen with 

Carbon monoxide IS ^.’rhon dioxide. A mixture of 

a beautiful blue flame to orn j It is very curious 

carbon monoxide and ^^^^explosive. and that a 

srd®em?tt^l™cmi;;firckc't of tra«s of moisture corresponds 
with the reactions : 

H2O + CO = Ha + CO2 : 

■'"etb™ — «U. !• • I""* 
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over heated metallic oxides it generally reduces them to the 
metals by withdrawing oxygen : 

PbO + CO = Pb + COj, 

CuO + CO = Cu + COj. 

This property is made use bf in many processes for the extraction 
of metals from the ores, the carbon of the fuel (e.g., coke) beine 
first converted into the monoxide by a limited supply of air, and 
the monoxide then reduces the heated oxide of the metal ^ in 
iron smelting in the blast furnace). Gases containing carbon 

Producer gM.— This gas is principally a mixture of carbon 
monoxide and nitrogen obtained by passing air through a large 
mass of incandescent ^ke in an upright cylindrical furnace 
railed a gas producer. The hot gas is then burnt where it is 

a f'^rther quantity of air, when the 
monoxide burns to carbon dioxide. 

Water gas.— This gas is a mixture of carbon monoxide, 

a”*"® obtained by passing steam 

through incandescent coke. This reaction absorbs heat so 


Steam fl 



*!' C«rt,„Mer 

Fig. 286.-THE Manufacture of Carburetted Water Gas. 

mfc rerilLVwh*^ formo?; 8 “- '^bich is an exother- 

interrupted and the fuel broughrm" Weh”t'^** frequently 
by blowing air through it Two ‘ r ® u 'o'oporature agam 

steam occur in the mfki;.g of ^a.er ““ 

/^\ 2^2^ = CO2 + 2H2 (du// red heat) : 

(2) C + HjO = CO + Hg (drjgA/ red heat). 
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l;si s'.>7:' tr sxsis- 

heating, value (see p. 4fO- . thorium 

The WeUbach m^nU^is dioxide, or 

oxide or /W Th^^ the mo»a^ 

certa, CcOa, both out only a 

sand found m India (p. -l^)- when mixed with i per 

feeble light when “ ’^1 ,j , p . „f niantle con- 
cent. of cena ,t glows b ght y. ^ ^ '>P ,he 

slsted of ra.me.hhre cellulose soaked ni,„te 

-tut o^ 

or collodionised before sale. 


CHAPTER XXV 

HYDROCARBONS. FLAME 


* Petroleum. — Petroleum (mineral oil) consists of a mixture of 
ranous compounds of carbon and hydrogen, i.e,, of hydro- 
carbons. It IS separated into various fractions by distillation 
and the ‘ lighter ’ fractions (less dense, and of lower boiling 
points) contain hydrocarbons with smaller numbers of carbon 
atotr^s. The fraction between 40® and 180® is petrol, and 
consists chiefly of hydrocarbons and a few 

Mill higher homologues {i.e., members of the series of hydro- 
carbons differing in composition by CH,). 

Tlie hydrocarbons present in American petroleum are mainly 

they do not form addition compounds, because 
all the valencies of the carbon atoms are completely utilised 
m holding hydrogen atoms ; they consist of open of carbon 

vnI on;T‘^ ’-H^ beginning with the 

volatile liquid pentane < jHj, : 

H H H H H 


C — C — C — C — C— H 


H H H H H 

The simplest member of this series is the gas methane, CH4, 

H 


H—C— H 


H 


given off from petroleum 
wells. These hydrocarbons arc also called parafans, because 

related^ ^ (Latin. Jiarum <#«/> = little 


■i3^ 
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The crude petroleum, a dark-coloured viscous oU is distilled 
the vapour passing into a fractionating column (^cf. Fig. 323)> and 
various fractions Ire taken off, which are afterwards purified. 
The usual separation of the fractions is as follows : 

Boiling pOitiL 


40®- 70® c. 
So®-! 20 ° C. 
40°-I90® C. 
i5o°-25o® C. 
250®-i5o^ C. 


Fraction. 

1 . Petroleum ether or ' aviation 

spirit ’ - 

2. Naphtha (solvent) - 

3. Motor spirit - • " " 

4. Burning oil (kerosene) - 

The further^'frtct'ions are distilled in a current of superheated 
steam and include : 

1. Light lubricating oil. 

2. Heavy lubricating oil. 

4 Pamffin'wax (hydrocarbons from to 

T'he residue in the retort is either bitumen or asphalt or OsThen 
the distillation is carried further) petroleum coke. (Vaseline and 
affin Ire disdlled products, not residues.) Natural gas 
fmm oVwells is also cooked or passed over absorbent charcoal 

to Temove very volatile hydrocarbons (chiefly 

I u r' H ^ called casing- h^^ad gasoline. ThiJ> 

bknder^ith a k-ss‘'volatile material for motor fuel : it confers 

“?:^^n:r:btained by the 

coal, or [‘^1 llbkhiricfined^to produce <ercsin. 

^e nrincipal producer, but America now produces 

^amhir- 

"Tl^l^'cbk? ;;;:^km‘‘lXrS^Klre^ to pr^c a 

cild^enginVm tlmc^'^flirly clluy.'lnd^ is|c|t viscous enough 

at high^emperatures. when the engine is working at speed, lo 

m lintain a film over the moving parts. , , , 

The hydrocarbons in Russian petroleum belong to a scrK^ 

calkd naphthenes ; they are saturated but differ from ,>arafliiis. 

« 
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They have the general formula and are cyclic hydrocarbons, 

^ they have the carbon atoms arranged in closed rings. Such 
lor example, are cyclopentane and cyclohexane : * 


HoC 




CH,— CH, 


- \ 


CH-y—CH, 


H2C<; >CH2. 

N:h,— 


Considerable quantities of petrol {motor spirit ; gasoline) are 
manufactured from heavier oils by the process of cracking. The 
oil IS heated with exclusion of air, generally under pressure, 

hydrocarbons decompose with the formation 
ol lighter hydrocarbons, gas, and a heavy residue. This ‘ cracked 

usually contains unsaturated hydrocarbons, is very 

inifn!"" V° U? ‘ or detonation, in motoV 

engines. To prevent this, benzene may be added (‘benzol 

m xture ), which bums more slowly than ordinary petrol, or else 
Nritif the petrol.^' tetraethyl lead (‘ ethyl '), PbCC^H^,, mixed 

is 'Klrirrl et*iylene dibromide, CgH^Br^, 

IS added to convert the lead into the relatively volatfle lead 

bromide, so that metallic lead does not deposit on the sparking 

plug points, and a chlorinated naphthalene called haiowax oil 

for fdemifcuiof 

In cracking, pan of the stock is up-graded but part is de- 
graded into tar and coke. In the hydrogenation process all the stock 

Th valuable lower boiling distUlates. 

I he lubricating fraction is pumped under ver>- high pressure with 

chambp7.fnn/^ into heLd reaction 

of ah^miria molylidenum oxide on cubes 

hydrogen molecules are rearranged and combined \vith 

IwdHdn^ ’l and .sulphur impurities form 

hydrides leaving the purified oil. The produa is cooled and 

^ ^ ^ for lubricant. 

Some varieties of petroleum contain cyclic aromatic hydro- 
carbons such as benzene (I) and toluene (II) (p; 5,,) . 


/CH=:CH., 

HC^ iCH 

^CH— CH^ 

I. 


H,C— C 


cu^cn^ 

^CH— CH^ 

II. 


CH, 
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The petrol fraction of Borneo oil may contain 40 per cent, of 

“"The heavy black residue in the retort left after the distillation 
of Californ^n or Mexican petroleum is composed of complex 

some parts of the world notably in die 
r ^ T which contains several niilUon tons, 

Sd asXh i^thd and does not fuse in boiling water. 

LSdrorrnrhcTrid^^^^^^^^^^^ 

saSHsSS'S. 

“‘SiV-ThJ tr member of the paraffin series of hydro- 
caJp^meffi^e, C.^ which occ^^ 

SIX J: -ri ~ 

s r.rL?; <- 

is°frr-med by direct synthesis when carbon is heated 

it aTsf produeVd it'hem cm'; is heiitcd to^nake coal gas. 
Me, hat is'^ ffirmed by the action of water on aluminium 

carbide : 'AI4C3 + 1 2H-/) =4A1(0H)3 + 3CH4. 

Methane is prepared tihto- 

auiXlime with^oncentrated caustic soda solution and drying , 
U i“ les^fusible than caustic soda and does riot attack glass so 
easily. The methane is collected over water (Fig. 263) . 

CH COONu + NaOH = CH4 + NuoCOs. 
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Methane is a colourless, odourless gas, liquefied only with diffi- 
culty, It is combustible, burning in air with a feebly luminous 
flame to carbon dioxide and steam : 


CH4 + 202 = C02 + 2H20. 

It forms an explosive mixture with air or oxygen, the ignition 
of which causes explosions in mines. The poisonous after-damp 
formed in mine explosions contains carbon monoxide, formed 
by the incomplete combustion of the methane : 


CH 4 + 02 = CO-i-H2 + HgO. 

A mixture of methane and chlorine bums, when kindled, with 
a green-edged smoky flame ; CH4 -f 2CI2 = C +4HCI. When a 
rnixture of methane and chlorine is exposed to light the 
chlorine reacts by removing part or all of the hydrogen of 
the methane to form hydrogen chloride, and each atom of 
hydrogen removed is replaced by an atom of chlorine. Methane 
IS a Mturated hydrocarbon, i.e, all the valencies of the carbon 
are hi^ed with hydrogen atoms, and reaction cannot occur 

substitution. Four products are 

CH4 + Clg = HCl + CH3CI {inethyl chloride') ; 

CH3CI + CI2 = HCl + CHgCIj {met^’/ene chloride) ; 

CHgClj f CI2 = HCl + CHCI3 {chloroform) ; 

CHCI3 -?- ( I2 = HCl + CCl^ {carbon tetrachloride). 

* Methyl cWoride is a gas readily liquefied by pressure, and the 

liquid is used as a local anaesthetic and in some kinds of freezing 

machines to produce cold by evaporation. It is prepared from 
beet-sugar residues. ^ 

distilling alcohol or acetone with 
vv f powder containing some free lime. It is a 

' l!f ¥ liquid used as an anaesthetic. Unless carefully 

purified It may contain the ver>' poisonous phosgene (p. 429), 

added^'"^”^ formation of which a little alcohol may be 

^ analogue of chloroform, is 
formed by the action of iodine and aqueous alkali on alcohol or 

acetone. It is a yellow crystalline solid with a peculiar smell, 
and is used as an antiseptic. 

* Carbon tetrachloride, used in extinguishing fires (p. 416), is 
prepared by the action of chlorine on carbon disulphide (p. 453). 
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'Soi:i%fi%cZZ two stages. Ethyl sulphuric acid is 
first formed t 

C 2 H 5 OH + H 2 SO 4 = C2H5HS04 + HjO, 
and on heating in the presence of concentrated sulphuric acid 
this decomposes : 

CjHiHS04 = CjH, + HsSO.. 



. • f ,0 r r of alcohol and 80 c.c. of concentrated sul- 

A m.xture of 3° a . litre flask (since the m.xture 

phunc acid it> caretuiiy dackens a mixture of 

Lths) and when the ’'sulphuric acid is 

equal volumes ^ alcohol eo"-;- ^as is passed 

run .nm flask itorn ^^P^ an.l 

SiSsirrs.ia'ivxs r ■= 
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than methane in water. It bums in air with a luminous smoky 
flame, forming carbon dioxide, steam and a little free carbon 
Its mixture with air or oxygen explodes when kindled • A 
mixture of ethylene and chlorine, when kindled, bums with a 
very smoky flame, clouds of carbon and fumes of hydrogen 
chloride being emitted from the jar: 

CoHi + 2C\2 = 2C + 4HCl 

Ethylene differs from methane in being an uasaturated hydro- 
carbon ; the two atoms of carbon in its molecule are linked by a 
double bond, and for this reason the molecule will form com- 
pounds by direct addition, instead of by substitution as in the 

case of a saturated hydrocarbon. This is clear from the struc- 
tural formulae : 


H 

I 

H-C— H 

I 

H 

mfthaiie 


H 

1 

H 

1 

H 

1 

H 

1 

H 

H— C— Cl 

1 

1 

C= 

1 

I 

=C 

1 

Cl— C— 

1 

~C— Cl 

1 

H 

1 

H 

I 

H 

H 

1 

H 

methyl 

chloride 

ethylene 

ethylene 

dichloride 


exDoscd of ethylene and chlorine is 

dioLddVi'&^d r "rrH:”. a - ch" cT 


, HjSO, = C,HjHSO.. 

When this is boiled with water, alcohol is formed : 

CjHjHSO, - bLO = C.HjOH + H.SOj. 

duaion ' oT‘ n°lcoh'’i'' c I'^posed for the technical pro- 

Acetylene _A familiar compound of carbon and hydrogen is 
the gas acetylene, C.Hj, prepared for use in bicycle^amps by 
the action of water on calcium carbide. It was di'^coverSl by 

Edmund Davy in 1 836, but was first carefully studied by Berthelot 
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in i8i;q He showed that it is formed when ethylene or alcohol 
™nou?'is passed through a red-hot tube. Berthelot discovered 
the direct^ synthesis of acetylene from its elements, when an 



electric arc burns between carbon poles in an atmosphere of 
hydrogen (Fig. 290) : + H3^C2H2. 

Acetylene is P-d-«^Vlto?es%r ga"rin“ 
laboratory type or 1 g ■ jj' • ^ a limited supply 

rf^Tr I’^nd^nt^racn^^- t^hich cools the dame. 

The peculiar smell noti< ed 
is usually said to be due to 
the presence of acetylene, 
the formation of whicli in 
the gas issuing from the 
burner is detected by hold- 
ing over it a large globe 
wetted inside with an 
ammoniacal solution of 
cuprous chloride. Fhe 
dark blue liquid rapidly 
becomes covered with a 
red film, owing to the 



acetyiiae, 

A«tylcne'is"'best prepared by dropping water on calcium 
carbide (Fig. 291) : CaCj H- 2H.p = Ca(OH)2 + CoHj. 

V.m.. c.ix'. ■l-~' *' «“ 

“ ';;=f i,n' 1. -.r'-'s:; 

propeftics. It burns in air with a luminous, very smoky, flame, 
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but when supplied to special burners it gives a very luminous 
white flame without smoke. A mixture of acetylene with air 
explodes when kindled, and the mixture with oxygen explodes 
with extreme violence, which may shatter even very strong glass 
vessels, so that it is unsafe to try the experiment with an ordinary 
eudiometer. The gas is explosive alone, since it is an unstable 
an^d endothermic compound and breaks down into its elements 
when exposed to pressure or shock : 


C«H« — 2C + H 




P^'^^sure, the gas is therefore always first 

A A T acetone soaked up in a porous material such 
as kapok^ the seed hairs of a tree. 

Acetylene is chiefly used as an illuminant and in the oxy- 
a< etylene blowpipe for welding and cutting steel (p. 283) : it 
has been replaced to some extent for the latter by an oil eas 
^blau gas) rich in ethylene, or by coal gas. 

When heated to dull redness, acetylene undergoes poly- 
merisation {i.e. conversion of one compound into another of the 

same composition but higher molecular weight) and some 
benzene is formed : 


3^2^2‘~CgHg. 

hydrocarbon is con- 

P ^ (o'omalic) hydrocarbon, and since acetylene is 

easily obtained by direct synthesis from the elements, its conver- 

sion into benzene amounts to a synthesis of the latter, and thence 
01 Its numerous derivaiives. 

formTng'LTtarZyd"': "P 

C2H. + Hp = CH3 . CHO, 

and lx ‘icid' by reduction, 
Xn nfprt ’ ft,”’* by oxidation. These reactions have 

been used on the technical scale. Hy the regulated action of 

r presence of other substaLes (e.g., sulphur 

m ivXfnr ‘'"''“'h hydr°S'-n, and chlorine 

XlXll -■ ‘^'’’orinated hydrocarbons. They 

are largely used as solvents for oils, fats, resins, etc. under such 

narnes as westron (C.HXl,) and zvestrosol (CgHClg). Westron 
IS also used as a solvent lor cellulose acetate dopes. 

hydrocarbon gases.— The composition of 
methane ethylene, or acetylene is determined bv explosion with 
excess of oxygen m a eudiometer. In the cases of ethylene 
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and acetylene the explosion very violenh C-bon » 
and water are formed tn case. I he t 

srsss- »v“ “““ 

of oxygen and the ^ and adjusting the pressure, 

cooling to the ong'nal temperamre an^ 

the residual volume is 36 c. . caustic potash a 

and the residual oxygen. volume of carbon dioxide 

residue of6c.c of ox>^eni. left. gi,,, , vol. ot 

? mom rf^r'bon, hence the molecule of methane conta.m 

j atom of carbon. is 66 - 6 = 60 c.c. Of this, 30 c.c. 

The volume of oxygen . ^^.nce 30 c.c. of oxygen 

will have been used ,n Therefore the hydrogen 

were used to burn 

'XrJjrof^h/dmgciOf fou; 

therefore, C 

( 4. 202 = 002+ 2H3O, 

30L.C. Ooc.c. 30C.C. 

Thi xri^idorio:; ^ 

absonMi'on with caustic °orT molecule of ethylene 

60 c.c. of carbon , dioxide, /.c., the ethylene molecule 

gives /wo molecules ole .y^^, oxygen required torlhe 

contains two atoms 0 volume to the carb()n 

combustion ()f the c. oxygen consumed is 95 " 5 “ f° '' * ’ 

dioxide. /.c., Ooc.c * h ^^^ombustion of the bydrogem 
hence 30 c.c. were contained hydrogen equivalent 

Hence the 30 or 1 molecule of ethylene contains 

to 60 c.c. of free hy^rog*^"* Hence the formula ot 

2 molecules of hydrogen. 2H2 or H,. 

ethylene is C2H4. 
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Of carbon The oxygen consun.ecl is 3° ; 5 7 

hydrogen'has required 25 " T f contains 

^^^th 10 c.c. of hydrogen. Thus u. formula of 

its own volume of hydrogen, H^. Hence the lormuia o 

acetylene is CgHa- 

coal g..-The ^Lv lohrCia'^L'T. 6^8: thi 

were not lighted by gas until much later. 

Coal gas IS „/„,/! gmemlly heated 

heating as calved passes by way of vertical 

by producer gas. > ^ ^ hydraulic main, which 

pipes from the pas passing back when 

serves its a liquor and tar separate m 

the retort is opened. 1 purifiers. 

the hydraulic maim and r Ic gasj 

Coke IS left m the rao , contains 

on the rcd-hc)t part o^ - hydrogen sulphide, which 

impurities, principally am * ^ then 

„,ust be it s washed with water to remove the 

to a "duable and i.s recovered from the ammon- 

ammonia. ^ d‘?he hydrogen sulphide is then removed 

from tb^gas in small works byVssing over slaked hme m 
pu^/ers, which forms calcium hydrosulph.de, 

Ca(OH)2 + 2H2S =Ca(HS)2 + 2 H 2 O, 

but in larger works by passing it over hydrated ferric oxide 

distributed for use. 
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The purified coal gas now passes to the gas-holder^ of which 
there are two types. One (shown in Fig. 292) consists of a large 
inverted iron bell in a tank of water. The bell usually consists of 
sections sliding telescopically into each other, and guided by a 
steel outer framework, or else by inclined rails passing round the 
sections like a screw. The gas is now often dehydrated before 
it enters the holder by scrubbing with concentrated calcium 
chloride solution, and to prevent subsequent rewetting of the 
gas, the water in the holder is covered with a film of suitable oil. 

The other type of holder is the ‘ waterless ’ type. This consists 
of a large vertical circular or polygonal tower of fixed dimensions, 
inside which a horizontal piston rises and falls, the gas being 
admitted and taken out below the piston. The upper side of the 
piston is open to the atmosphere in the tower. In order to seal 
the piston gas-tight around its edge, this is fitted with a flexible 
packing-ring of some suitable fabric, and tar is kept supplied 
by a pump round the edge of the piston. This type of holder 
has the advantage that the pressure, which can be adjusted by 
weighting the piston, is practically constant whatever the degree 
of inflation, whilst in a water-sealed holder the pressure increases 
with the lift of the bell. 

In recent years gas undertakings have been purchasing coal 
gas from the coking industry, which has a surplus of gas when 
efficient ‘ recovery ’ or ‘ regenerative ’ coke ovens (p. 446) are 
Used. Phis gas can be conveyed under pressure in pipes, and its 
long-distance di.stribution has been highly developed in Ger- 
inany, where gas trom pit-head coke ovens in the Ruhr district 
is fed to a large area in high-pressure mains. In the United 
States considerable use is made of coke oven gas for town supply, 
and the supplies of natural gas (principally methane, p. 435) from 

use. In most cases, 

coal gas IS mixed with water gas, either made separately in gas 
producers (p. 430). or introduced into the gas by passing steam 
over the red-hot I'okc forined in a vertical retort. 

The vertical retort is a rectangular or elliptical chamber of 
silica bricks (p. 472). heated outside by producer gas firing. 

1 he carboni^sation process is continuous ; fresh coal added to 
the top of the retort .slowly tra\ els down through it and under- 
goes carbonisation, and the coke is withdrawn continuously by an 
extractor from the bottom of the retort. Steam is admitted at the 
base of the retort, taking heal trom the red-hot coke, reducing its 
temperature to about 300®, and forming water gas, which mixes 
with the coal gas passing out from the top of the retort. 
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43-55 

25-35 

.,-11 

2-5- 5 
2-11 

O- 3 
o- i 


5 \ ‘ Diluents.’ non*illumi- 
- I nntinfT. but hcal- 


natin^, 
j producing. 
lUuminants. 


At first coal gas was nearly all used for domestic in- 

dustrial and street illumination by burning in open 

^?^s: e^°and^.r 

’’The ’’Tp^cts of gas manufacture .rrc also imponam, 
especially thos^e from Ae tar (p 

““ of ammrnia'tire now made by the synthetic pro- 

cess (p. 37 ^)- Mnn-iixcd coal cas, in percentages 

The average composition ol unmixca coai , , 

by volume, is as follows . 

Hydrogen - ’ ’ ' 

Methane - - * * 

Carbon monoxi<le - 
(Olefins, acetylene and benzene 

Nitrogen (from air leak.igc) 

Carbon dioxide 

name ' olefin ’ is used for hydrocarhons of the formula 

/•' i_i p H 4*thvlcnc or * olcliunt }j«i^ •) 

The hydrogen'n cmil gas is derived from the thermal decom- 

po^ifion of gaious hydro, arbonsm contact 
with the hot walls of the retort. , ■ , j 
formed is deposited as gas carbon, which i^ 

very pure form of amorphous f ^ 

conductor of electricity, ^^7' 
pencils of arc lamps or m clcctr e bat^>^. ; 

The luminosity of unimxed ^ 

flames Is due entirely to the 5 P*'/ 

olefin hydrocarbons, acetylene (o-oO-o-o; per 

rent ^ and benzene vapour. 

The effect of such hydrocarhons on the 
luminosity of flames may be -Hustrated by 
Sg a small brass jet to each arm of a 
Y- X in one arm of which is a piece of 

cotton wool soaked in benzene (Fig. 293). 
attaching the tube to a hydrogen apparatus, 


1 

5) 


Impurities. 



FiG. 293 .— Lumin- 
OStTV IMPARIEU TO 
IIYDKOCEN FI.A.ME BV 

Benzene Vapour. 
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and lighting the two jets. The hydrogen saturated with benzene 
vapour bums with a luminous flame. 

Besides gas coke, left in the retorts in gas works and used as 
fuel, a very hard and compact form of coke is specially made for 
metallurgical purposes (blast furnaces) by carbonising coal in 
coke ovens. In the old ‘ beehive ovens ’ part of the coal was 
burnt and the heat produced carbonised the rest, as in charcoal 
burning. In this way all the valuable by-products (tar, gas, am- 
monia and benzene) were lost. In the modem * recovery ovens ’ 
(Fig. 294) the coal is heated by gas in narrow fireclay retorts, 



Fig. 294. — Battery of Coke Ovens arranged for 
Recovery of By-Products. 


the gases evolved being collected and treated, and the residual 
coke pushed out by rams and quenched by water. Such oven 
coke is hard enough to stand the weight of the' blast furnace 
charge without crushing down. 

Flame. — In combustion reactions, /.tf., reactions proceeding 
with the evolution of heat and light, it is usual to distinguish 
between those attended by ignition only and those attended by 
the production of flame. An incandescent mass of fuel, such 
as coke, may burn without flame, but in addition to this 
there may be flames of carbon monoxide burning on the top of 
the mass. This example is typical of all others : a flame is 
produced only during the combustion of gas or vapour, and it 
may be formally defined as a zone itt which chemical reaction 
between gases is occurring^ attended by the evolution of heat 
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very high temperature. 

We may next distinguish between 

luminous and non-luminous flames. A Hame 
of pure hydrogen, burning m dust-free air, 

emits hardly any visible light 295> - 

carbon monoxide burns with a blue flame 
but does not emit much light Thtsc are 

S 1“'— 

considerable light (I'lg. 29 C). .. . ^ combustible, and 

The gas inside the flame is ‘ these terms 

the gas outside, the ^ a’ combustible or a 

are relative only, sime uthcr g. - , ' the arrangement oi the 

supporter of combustion according to the 


Fig 295 


-Hydrogen 
Ft.eME. 


emit 



< oAi (iAS Flames. e.\cu consisting 
FIG. 290 -< "^;;^l\:,^;‘,UKES.-ONn.NG RARIS, 

. T i/inlfls such as paraffin, and solids 

method of luunc only when they are first con_ 

such as wax, <an bur purpose ol the unck 

verted into K.ses or f ^d w'ax is raise.! l.y 

in the lamp or cand e. enters the very hot 

7ns:dr;r'’fl'amc acre i. is de.orrt, rosed wit., the 
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formation of combustible gases or vapours, which then undergo 
energetic oxidation to produce the flame. 

The following are the main characteristics of flames, as illus- 
trated by simple experiments. 

(1) Unless the combustible gas and the supporter of combus- 
tion are first mixed together, the reaction between them will be 
limited to a region where they come in contact. Thus flames are 
hollow. This may be exhibited by the following experiments. 

A piece of asbestos paper is lowered on a Bunsen flame, when 
a scorched ring is formed. A match head is thrust quickly 
inside a Bunsen flame : it does not ignite for a considerable 
time. One end of a glass tube is inserted inside a Bunsen 
flame : unburnt gas passes out of the tube and may be kindled 
at the upper end. The hollow character of flame was demon- 
strated by Hooke in 1676 by depressing a thin piece of glass on 
a candle flame : the dark centre of unbumt gas is then seen. 

(2) The terms combustible and supporter of combustion are 
purely relative, and depend simply on which gas is inside and 

which outside the flame. This has already 
been illustrated in the case of oxygen and 
hydrogen (p. 282), Another experiment is 
as follows; 

A lamp chimney (Fig. 297) is fitted with a 
cork at the lower end, through which pass 
a wide straight tube and a narrow tube bent 
at an angle. Coal gas is passed in through 
the bent tube, and may be kindled at the top 
of the glass, burning with a luminous flame. 
At the same time air is drawn in through 
the wide tube, and if a lighted taper is passed 
up through this tube into the chimney, the 
air ignites and burns in the coal gas with 
a blue non-luminous flame. If a taper is 
passed down to the air-flame, it cannot be 
Fig. 297 —Air since it is surrounded by an atmos- 

burni’ng in Coal P^*^*"*^ of coal gas, which will not support 
Gas. combustion ot the hydrocarbons of the taper. 

A jet of air, however, may be ignited. 

(3) The structure of flame. A hydrogen or carbon monoxide 
flame consists of two cones, an inner cone of unbumt gas and 
an outer cone in which the reactions : 

2H2-(-0,= 2H,0, 

2CO + 0 , = 2CO. 

*■ M 
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A Mndle or coal gas flame is more complicated. 
int^L wrefWtnspected it will be found (Fig. 296) to consist 

wmBmmm 

continuous, and constitutes an inner cone. The regions 

“= 

(Fig. 298). With the tube just 

above the wick, dense white 
vapours pass over into the flask : 
these correspond with the first 
process in the flame, the volatili- 
sation of the solid wax by the 
heat, which occurs on the wick in 
the dark central portion ot the 
flame. On raising the tube into 
the bright central portion 0! the 
flame, dense black vapours pass 
over, containing particles of solid 
carbon produced by the decom- 
position of hydrocarbons by the 

heat of the to incandescence, is pro- 
of these fine particles ^ \ ’ f Some luminous 

caused by the ignition o! j j kindling of a 

and air; or, as wc V i seTf Oavy made the 

T extinguished, and he 

discovery combustible gases have different ignition pomts. 

'The fgni.iou ,»im of mcthiine is rather high, so that .. is no. 

g-- is lowered over a Bunsen flame. 



Fig. 2q8.— Expekiment to 
Illustrate the Structure 
OF A Candle Flame. 
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this at first does not pass through the gauze, owing to the cooling 
effect caused by conduction of heat through the metal, and a 
red-hot ring is seen on the gauze, with a dark patch in the centre 

corresponding with the central unbumt 
portion of gas in the flame. If the gauze 
is allowed to remain on the flame a suffi- 
ciently long time, the temperature of the 
metal rises to the ignition point, when the 
gas ignites and bums above the gauze. 

If a piece of gauze, turned up at the 
edges, is held over an unlighted gas 
burner, the gas passing through may be 
„ _ kindled above the gauze, but the flame 

OF Safety Lamp. 

at the burner. On raising the gauze, the 
flame flickers and finally goes out (Fig. 299). This flame, in 
which air is mi.xed with gas before combustion, is blue and 
non-luminous. 



These experiments led Davy to the invention of the safety 
lamp, which consists of an oil lamp having an enclosed cylinder 
of wire gauze as a chimney (Fig, 

300). The fire-damp will pene- 
trate inside the gauze and bum 
there, but the flame does not pass 

outside, because the heat is con- JV /««» 

ducted away by the metallic 'f; 

gauze. The gauze may even / :• 1 

become red-hot, but as the igni- 1;; ii-U «'<>•<?«>/« 

lion temperature of methane is 
high, the gas out>idt is not 

kindled. A draught of air blow- || uTc/ajj 

ing on the lamp may cause the I I QTcW'''*'' 

gauze to become so hot as to Iff 

ignite the fire-damp, and the \/ ( 1 

flame inside may also be blown ^ ' 

mechanically through the gauze ® 

by a blast of air, caused In- firing 3oo-— D avy's Safety 

a shot. With these exceptions Lamp. 

the lamp, in its improved form, 

with a strong glass cylinder below the gauze, which permits of 
better illumination, is perfectly safe. 

The Bunsen flame. — The experiments just described show 
that if coal gas is mixed with a sufTu ient supply of air before 


Sir Ieav0$ 


Wirt Cauie 


Air tnUrt 

. 0/a$s 
Cyiindtr 


Fic. 300 . — Davy's Safety 
Lamp. 
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I. 


\ 


A 


combustion it burns tvith a non-luminous flame, as in the 

'^^L^BlTh^e/consists of a small jet bringing in a stream 
ofToal gZ over which is placed a wider metal tube w.th^holes 

°p=s fred'Sn’ of P-^re^airJtrea^n:! through the ho,^ 

Fn the outer tube, and mixes wuh the ga. 

“nsisFs of 'fwJ'cones only ■ (.) a pale blue inner cone, wh.ch 

becomes green when a large supply of air 
is admitted, and the flame ‘roars ; 2) a 

still paler blue outer cone The 
in the inner cone arc different from the 
purely thermal decompositions taking place 
in an ordinary flame, since partial oxida- 
tion now occurs, with formation of carl)on 
monoxide. This burns in the outer cone. 

The separation of the two ^ 

Bunsen flame is most conveniently effected 
by means of Smithells’ flame-cone separ^ 

This consists (Fig. 301) o( one glass tube 
sliding inside a wider tube A 
air and gas from a Bunsen burner 
into the central tube. By raising the outer 
tube the flame separates into cones, 
one of which remains on the outer tube 
and the other, which is the >nner cone 
of the complete flame, burns on the top 

of the narrower tube. 
latter the inner cone may be jointa to 3^, _smithells’ 
the outer one, and the romplete flame AerARAies. 

’’'^Bunsen flame is mih.xl - ^Fd 

appliances making ^ lighting, and those in gas 

the incandescent L,e ^ The only drawbut k 

stoves and gas furnaces arc of 

duced below a certam ,“1:^^ .hrougb .he 

cient to p ^ certain rate, from running down the 

V. n . he undiluted gas ignites at the small jet supplying 
it^to’thl- burner causing the burner to become very hot, and also 
producing incompletely burnt gas with an unpleasant odour 
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(p. 441). The striking back may be avoided by covering the 
top of the burner with metal gauze, through which the flame 
cannot pass. This is done in some modem gas stoves. In gas 
furnaces, a blowpipe type of burner is used, the air being supplied 
under pressure and mixing with the gas just as the latter is 
burnt. The blowpipe consists of two concentric metal tubes 
(Fig. 188), the air being supplied through the inner tube. The 
mechanical action of the blast causes better thermal contact with 
the object to be heated. 

*Explosion. — When a mixture of inflammable gas with oxygen 
or air is ignited, the mixture burns with great rapidity, and if 
the ignition is made in an open vessel there is usually a report 
called an explosion. It was found by Berthelot, Dixon, and 
others that an explosion starts with much less violence than is 
exhibited in its final stages, and that the flame runs through 
the gas at first with a fairly low speed. At a certain point the 
speed of the flume suddenly increases enormously, and flame 
rushes through the gas in the form of a detonation wave, travel- 
ling with great velocity and capable of exerting great destructive 
action. 

Dangerous explosions (detonations) may also be caused by 
the ignition of fine combustible dust dispersed in air. For 
e.xample, very bad explosions have been caused in collieries by 
line coal dust, and in flour mills by fine flour dust. In small 
tiuamiiic.s sin h mixtures would bo scarcely combustible, bilt once 
a detonation wave has been initiated in them, it propagates 
iisclt with tcrri])!o violence. In ‘ dusty ’ mines, powdered stone 
(■ iiK'ombustible <lu.sf ’) i.s laid down either by spades or by a 
>pecial l)lower, so that it becomes stirred up by a disturbance 
and damps out tiie explosion. The incombustible dust, which 
must not contain silica, must form 50 per cent, of the dust 
taken from anv part of the mine. 

In gas or petrol mgines a compressed mi.xture of gaseous or 
‘ atomised ’ fuel and air is ignited, usually by an electric spark, 
in the cylinder. The burning of the mixture produces a high 
temperature ajid a rise of pressure, which is made use of in 
driving the piston down il\e cylimler. The burnt gas is then 
driven out through an exhaust valve, which opens when the 
piston is nearly at the bottom ot its stroke, and the rest is pushed 
out by the rise of the piston. During the next descent of the 
piston a fresh charge of mixture is drawn in through the inlet 
valve (with the exhaust valve clo.sed), and this is compressed in 
the next upward motion of the piston, both valves being closed. 
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The compressed gas is then fired as the piston *e 

top of its motion, and the cycle is begun anew. ^ 
engine the ignition is brought about by the high 
produced by compression of the air in the cylinder, oil being then 

^"Vl“a\1roces^or combustion in the engine cylinder is 
no 7n in the usual sense. It is « rap.d burnmg of 

the miZ; wUh the production, of a high temperature and 

’’.'cXn"fculphide.-When sulphur '’apour is passed over 
red-hot carbon carbon disulph.de (or 'bisulphtde ), CS., 
volatile, very inflammable liquid is formed . 

C + S2 = CS2. 

As usually prepared, J^his ‘'-^^^Ter^X^ul^whichTecomes 
when perfectly P"'^ y ", V" pt for a short time. The 
unpleasant when the P • it is kindled 

vapour hasji very >ow ‘^m explosive mixture 

by a test-tube filled with hot oil. mixture with nitric 

o-xygcn or air, and a combu.s.^.e__m.x.urc^ ^ 

oxide (p. 393)- The , ^ ji^olves sulphur, white phosphorus, 
in gram Stores. The iquiuoibso p solvent, 

rubber, camphor, resin, oils and fats, ana 

It is poisonous. ui^rimtlnn vields sulphur chloride (boil- 

Carbon disulphide on <-hl°f‘n“''°" point 77°) ■ 

ing point 138°) and carton letrachlondc, CLl, luolung p 

CS., + 3Cl2 = CCl4-th2Cl2- 

Carbon tetrachloride is used as a solvent for fats, etc., and for 
extinguishing fires (‘ pyrene, p. 4it>b 
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PHOSPHORUS. SILICON. BORON 

Phosphorus.— Although without matches we should now feel 
greatly inconvenienced, these useful and time-saving articles 
lave been m existence only about a century. The^flint and 

by he*" to the museum 

oy tn^2 application of the chemical element phosphorus which 

had been known a century and a half befori thiruse waT dTs 

uT'u^ :’rtt, thWmlf%:h^ 

''::r iS^ 

must be taken in with the fbnrr'l"’ 

continually excreted ' it is -i r ^*'‘t'‘^use some phosphorus is 
contains much Icl. nh. i remarkable fact that human milk 

the amount is suliio ient bemuse 'the"rhi|d- i’’ ^1°“'’' 

phosphate which ditwlv'^”'’ calcium 

and matcHl com^ .in;- < 'dcZ" “‘‘'> 

meal, basic slau and L snch as bone- 

fertilisers. ’ F’ci phosphate of lime are valuable 

obmfn*;’?^ phosm^o?iI;°^'Tif I’?r' Hamburg 

contains phosphates, and "Cri,™ 

of shining in the dark „r n ^ had the property 
b e aarK and hence was called phosphorus 
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(Greek = light; phcro = \ bear). Krafft exhibited phos- 

phorus 4 the Court of Charles II (a monarch interested m 
Science and the patron of the Royal Society) in 1677. It was 
seen by Robert Boyle, and the method of Preparation was 
rediscovered by him in 1680, although ^unckd had also f^und 

out the process in Berlin two years previously . ^ 

about 1770, discovered that bones contain a large quantity ot 

^tom^phosphate, Ca3(PO,)„ and Sche^^ 

phorus from bone ash. It was recognised as an element by 

Lvoisier in 1777. Phosphorus was made for sale m London 

from the time of Boyle’s discovery a 

wify w'ho had a laboratory near the Strand which was 

fashionable resort for those interested m experiments Previous 

the combined state and n.a.nly as phospta«s. J 

'aMao = I LedvT since early mineralogists otten confused the 
ndneral with others, from apatite^ 

C^trmed'' “ -hes: are used^n^e production of phos- 
1 1 onr-t; in ilic frcsh condition contain over half their 

^'pren^ition of phosphorus—Phosphate minerals, such as 
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PHOSPHORUS. SILICON. BORON 

Phosphorus.— Although without matches we should now feel 
greatly inconvenienced, these useful and time-saving articles 
have been m existence only about a century. The flint and 
steel a relic of prehi^stonc man, was relegated to the museum 
by the application of the chemical element phosphorus, which 
had bcjn kn^own a century and a half before this use was dis- 
covered. Phosphorus m the free state serves for the manu- 

fertniser : . ‘■on'bined phosphorus is an essential 

fertiliser and a constituent of food. Animal and vegetable 

tissues, especially in seeds, the yolk of eggs, the nerves and brain, 

comrflhM? rT phosphorus usually in the form of 

omplieated fats known as Itctthtns or glycerophosphates. In 

excretrf'’thTr''h “P' phosphoric acid 

It is m “ ‘be form of salts, 

nhosnh it^ n • ‘■""f bones in the form of calcium 

mus he , A [’’’“Pboros, and much more than this 

^t nu illv eve '? phosphorus is 

cSn; m„eh I “ U ’■‘^'"‘“hable fact that human milk 
^hc amon^f m .Phosphorus than cow’s or goat’s milk, but 
he amount is sufhcient because the child’s development occurs 
more slowly than ,s the case with most mammals 

oho *" ‘he form of calcium 

meal bas e s|..a .f Phosphate,%uch as bone- 
fvriilisers ' S' ' ^ superphosphate of lime are valuable 

Histonr of phosphorus.-About 1674, Brand of Hamburg 
rompin' *'>' 'Ii^tilling evaporated urine, which 

of' shinin P carbon. It had the property 

^ and hence was called phosphorus 
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(Greek pAos -light-, f Aero -I bear). Krafft exhibited phos- 
phorus it the Court of Charles II (a monarch ” 

science and the patron of the Royal Society) m i6,,. It was 
s^en by Robert Boyle, and the method of preparation was 
rediscOTered by him in 1680. although Kunckel had als^o found 
out the process^n Berlin two years previously, 

Sc^am phosphate, Ca^fPO,),, and Scheele prepared pbi^s- 
phorus from tone ash. It was recognised as 
Lavoisier in 1777. Phosphorus was made 
from the time of Boyle’s discovery by 

witz who had a laborator)' near the Strand which >^as 

fashionable resort for those interested in 

to Scheele’s discovery, the element was very 

The annual production of phosphorus now amounts to about 

? 000 tons most of it being used tor matches. 

^'Oceurreice of Phosphorus.- Phosphorus occur| aK™ys n 
the combined state and mainly as phospha^s. Jto pmii. > 

mineral is probably apalile, .iCajfPOJ. . Cal , a Huorioc 
phosphate of calcium, -h P-t or a 1 c flo^nne may^l e 

r*;- I'^d^ctiv: since ea ly ntoenalotists often confused the 
& wth othe" . broil’: apatite, secondary depos^ of 
phosphates such os c^ciaiu pho^Ca,(. ^ 

°f hes;" are'Tsed ^n 'the production of plios- 
’"'’Alhmal bones in the fresh condition contain over half their 

Zn^l Irinrorc'rnic m‘meV° ‘.'"ho' to 

Sri.".;;? «. ».i ^ "'t » 

^"preniition of phosphorus.-Phosphate minerals, such as 

caSrXltoc" orJ\iroken up and tmx^ 

I Vu, J,:vfiirr* s fed into an electric lurnacc i,r‘K- 

nr^::r;t ;:r:r - nirxt;:^;;: 
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{cf. aluminium). The silica of the sand displaces phosphoric 
oxide from the phosphate, forming calcium silicate : 

Ca 3 (P 04)2 + 3Si02 = 3CaSi03 + PjOg. 

The vapour of the phosphoric oxide is reduced by the carbon 

at the very high tempera- 
ture, carbon monoxide and 
phosphorus vapour being 
formed : 

1*205 + sC = 2p-i-sCO. 

The phosphorus vapour 
is condensed by cooling, 
and the solid purified by 
melting under a solution of 
chromic acid, after which 
it is cast into wedges or 
sticks of white phosphorus, 
the common form. 

AUotropic forms of phos- 
phorus. — Phosphorus exists 
in two common allotropic 
forms : 

(i) White phosphorus, some- 
times incorrectly called ‘ yellow phosphorus ’ (it is perfectly white 
when pure and turns yellow only after exposure to light). This 
is ihe common, very inllamrnable, form. 

(2) Red phosphorus, sometimes incorrectly called ‘amorphous 
phosph^iri;-: ’ (it is really crystalline). 

White phosphorus. — White phosphorus is a translucent 
white solid, rather like paraffin wax in appearance. It is soft 
at room temperature and is easily cut with a knife, an operation 
which should always be performed under water since this form 
of phosphoru.s ignites in air at about 50“, and this temperature 
rnay be reached locally by the friction of cutting, or merely by 
the spontaneous oxidation of the phosphorus. White phos- 
phoims has a low melting point (44°) but a high boiling point 
(287 ). The vapour density shows that the vapour contains 
the molecule P4, which is also present in solutions. Phosphorus 
is only very slightly soluble in water ; it dissolves more readily 
in ether, olive oil, and benzene, and it is verj' soluble in carbon 
disulphide. By the slow e\ aporation of the solution in carbon 
disulphide out of contact with air and in the dark, large 





Fig. 302. — Industrial Preparation 
OK Phosphorus bv heating a Mix- 
ture OF A Mineral Phosphate, Sand, 
ANii Coke, in the Electric Furnace. 
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transparent crystals are deposited, which exhibit a play ol 
colouVs like that of the diamond. These are also formed b> 

WWmIrCCuTl'veV'" "xid^ed and is always kept 
unir wafer” On exposur 7 to air at -- 

pentoxide, P2O5. A residue of red phosphorus 
Sso remains. Finely divided ^s■hIte pho=^Phoru^ 
left after the evaporation of the solution 
carbon disulphide, ignites spontaneously m air 
and fused phosphorus burns under water in a 

current of oxygen. . •,•1 

The glow of phosphorus is striking > sho\ 

in the following experiment (‘the cold ); 

A few pieces of dry phosphorus are ^ 

receiver, which is then filled up with 

The receiver is heated gradually on 

bath, a stream of carbon dioxide being pa sed 

through (Fig. 303). 'The phosphor^ apour 

carried along with the gas oxidises m tl l a r 

and a green flame appears at the *«P f 

exit tube. This is so cool ^ ‘/V* > 
be held in it, and it will not kimiie the head ot 

The^^French chemist. Lemery. who ^ Tio. 303 

very popular text-book (Cour^ . i ion 

167s, which sold, w'e j *" ou de'satyre '). quotrs 

1756. ‘ inflammability of phosphorus. 

m.dj; in mj. hou,n, . ,n.,i„y b,J. Ilfi.d ii 

the bedroom t.xb c. Fbc . , 

up without seemK it. j ; awakened in the meht, 

table. The , '^ee ing sene heat, observed that the 

probab y on account of his tc g having been 

X«ed bTthf hilt of the occupant ff -he ^ >tud set fire to 
ProrptfuTiatctffiTet'onTe when %rin^l^^ with iodine, 

iodides of phosphorus, IT 3 and P2I4, bung or 
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‘ Phosphorescence ’ is not confined to the slow oxidation of 
phosphorus. Some compoimds, such as calcium sulphide -con- 
taining traces of bismuth or other heavy metals, shine in the 
dark after exposure to bright light. This is a purely physical 
phenomenon. Phosphorescence is also exhibited by chemical 
reactions : a little ether dropped on a hot plate undergoes 
oxidation and phosphoresces. The light of fireflies is due to 
the oxidation of a substance called luciferin by an enzyme, 
luciferase. 

It is curious that, although the phosphorescence of phosphorus 
is due to oxidation, the element does not glow in pure oxygen at 
the ordinary temperature and pressure. When the pressure of 
the oxygen is reduced, phosphorescence begins. The glow of 
phosphorus in air is stopped by the vapours of some essential 
oils, such as turpentine. 

White phosphorus is very poisonous^ the lethal dose being 
about 0*15 gm. Workmen exposed to the vapour are liable to 
decay of the bones, especially of the jaw, and its use in the 
manufacture of matches has ceased. 

Red phosphorus. — The second common form of phosphorus, 
discovered by Schrotter in 1845, is red phosphorus. It is pro- 
duced by heating white phosphorus in an inert atmosphere 
(nitrogen or carbon dioxide), when transformation occurs, 
accompanied by a considerable evolution of heat. It is also left 
as a residue when white phosphorus bums in air. Red phos- 
phoms is prepared by heating fused white phosphorus in 
a large cast-iron pot provided with a cover through which 
passes an upright iron tube. The temperature must be care- 
fully controlled at about 330®. A little phosphorus bums, 
absorbing the oxygen from the air of the vessel, and the rest 
slowly solidifies to a mass of red phosphorus. This is ground 
up under water, boiled with caustic soda solution to free it from 
unchanged white phosphorus, washed and dried. It forms a 
violet-red-coloured powder. 

Red phosphorus is not self-luminous, has no smell or taste, and 
is not poisorious. It is insoluble in carbon disulphide or hot 
caustic alkali solution. On exposure to air it undergoes very 
little change, although there is slight oxidation and the mass 
becomes moist. It docs not ignite in air until heated to about 
240°, When strongly heated it is converted into vapour, which 
condenses on cooling in the form of white phosphorus. This 
may be shown by heating a little red phosphorus in a hard glass 
tube through which a current of carbon dioxide is passing. The 
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solid volatilises without melting, and colourless drops of white 

phosphorus condense on the cool part of 

^ White phosphorus is an unstable form; » 

slowly into the stable form, which is red o forms 

and ^ed ^ 

by converting equal weights ol tn ..unsnhorus trichloride, 

pound, such as phosphorus pentoxide 

when equal weights oj' same j- j frifiion between 

i'sr»’;;;5''“r: « r-s r.£ - - -i-" *■“ 



Cx..wr TiSl.l-K box AND SCI.rUl'K MATCHES, 

FlC. 304-— P' tNT .,.1 V MNhIEhMH CENICKV 

ENG 1 .I''H flNIH-.K 1 l^r<>|-. , , . 

(«,>dni unu -Wav -yU.ifum, London.) 


. -1 • ...ifK flint is a prehistoric invention, the use 

from steel by striking wit , A ‘ flint and >iccl, 

of matches dates back on^y^ until \he beginning of the 

as used generally for k .g ^ particular kind of 

nmeteenth centu^ , 

used to receive inc . { rh'^rred raes were commonly 

n,ade from a fungus ^ 

box'! rn?"" "dirrgni Js^lmters of wood tipped w.th su.phur. 
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The tinder pistol, introduced during the seventeenth century 
on the Continent but never much used in Great Britain, is also 
shown, on the left in Fig. 304. The flint and steel were operated 
by a trigger, and the sparks ignited a piece of tinder. 

In 1805 Chancel made use of the discovery of Pelletier in 
1789 that a mixture of potassium chlorate and sugar is ignited 
in contact with concentrated sulphuric acid (see p. 328). Chan- 
cel used wooden strips, one end of which was covered with a 
mixture of potassium chlorate, sugar and gum ; this was in* 
flamed by dipping into a small bottle containing asbestos soaked 
in sulphuric acid. One of these ‘ Instantaneous Light Boxes,’ 
in which the phial of acid is in the centre, is shown on the right 



Fig. 305.— Instantaneous Light Box, Lucifers, and 

Congreves. 

liryani atki May Muuum, Lotutoru) 


hi Fig. 305 : it is of English make, and its use was introduced 
from h ranee about 1810. This appliance was in use for nearly 
a quarter of a century. 

The invention of friction matches is claimed for John Walker, 
a druggist of Stockton-on-Tees, who in 1826 used matches with 
heads composed of potassium chlorate, antimony sulphide and 
gum, at the end of flat wooden splints. To ignite these, the head 
was placed between folds of sandpaper, nipped tightly between 
the fingers, and the match suddenly and forcibly withdrawn. A 
very few of these original ‘ friction lights ’ are known to exist. 

Walker’s idea was appropriated by Samuel Jones of 
London, who had previously invented a Promethean Match, 
consisting of a tiny vesicle of glass containing a drop of 
concentrated sulphuric acid and surrounded by a mixture of 
potassium chlorate, sugar and gum, the whole attached to a 
paper spill. The vesicle was broken by a blow, or by nipping 
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:s, ■« r'.;* 3”l‘’-s a,. » -w- 

^‘^ThVfirst use of phosphorus for matches is said to be due 

to a young French f f"^"„teVeT'in"Germany and 

development of the idea is di . u ^us matches was taken 
Siegel in Austria : early 

out by Phillips dried paste of white pho- 

phosphorus matches consisted Thcv were ignited bv 

phorus, potassium chlorate ‘‘"d Thev operated 

tubbing rhem on the '»/ t^r replaced% red 

rather explosively, arid the 'safety' matches were 

lead or manganese dioxide. *" 55 phosphorus, but 

invented in Sweden ■. the !«^.“!* "omams 

antimony *P'P*''d' lead) ® Thi.s'?s rubbed on a strip 

potassium dichromate, aiKl r 'itt-iehed to the box. 

of paper coated with • P j British Dominions and N . 

In many parts phosphorus sulphide. 

and S. America heads containing pno p Strike- Anywhere 

which ignite by (nation ^ yellow phosphoru^. but 

-r t :S.j ='=E>;:;ss. 

when the match is vJn long travelling 

are then fed mechannal > i splinis attached and 

band, any ifl-e a hair brush with very <oar;v( 

hanging hrough a bath of melted parahm 

er ^nl of ihc splints then pus. over a 

;s^;r r wtht \Ur .or;^ 

viscous over a number of large wheels, 

ii; whkh": the; are liried. They finally return to the pl.iee 

Q 

r.n.c. ^ 
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'lav's ni, -tones produre about 00 

1 uct about 90.000.000,000 matches annually. 



'I''- ■ v !I K1- .,r Maiches. 


'• i . 4 It ; »i 


the .sanfe *'>»'^!>horu< belnn-s to 

^*”^1 it forms eompom,/; w,' 'nv'lr'' "-V*'';” nitro^eu, 
to ammonia. \H... t^hvAr^^ n whirh is an.ilopous 

‘ ■'lied phosphinr or pho-oh.V *‘1^1. commonlv 

shows hasio ammonia 

-/n-haio-en arid.s (rmt with and with 

analogous to ammonium ialt-^ ri , pbosphonium salts, 

phosphonium iodide, TH,I. ^ stable of these is 
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Phosphine was discovered by the Frerich chemist Gengembre 
in ilSSyhy heating white phosphorus with a solution of cystic 
potash^ He found that it was spontaneously inflammable but 
this property was shown by Thenard in 1845 to be due to the 

presence .fa small quantity of the vapour of a 
phosphide (PjH^ in the phosphine: pure phosphine is 

spontaneously inflammable. 

hSiting^p^eJes of white phosphorus in a flask with a 
stro 4 solution of caustic soda. The air (which would form a 
spontaneously explosive 
mixture with the gas) 
is first swept out by a 
current of coal gas (Fig. 

307). The phosphine 
evolved may be allowed 
to bubble through a 
trough of water in a fume 
cupboard. Each bubble 
ignites spontaneously 
with a bright flash, and 

a vortex ring of white 307.— Preparation of Phosphine 

smoke, consisting of heating White J^hosphorus with 
phosphorus pentoxide, c^aostic Soda Solution. 

rea'cViOTproduVesp^ and .a solution of sodium hypogosph.lo, 

NaH-POg, the sodium salt of hypophosphorous acid, H3I • 

Pj + 3NaOH +3H.p = 3N‘'iH2P*^2+ PH 3 . 

(2) Bv the action of water on calcium phosphide : 



Smoke 7 
ring J 


+ 6H2O — 3 ^ il(OH)2+ 
a spontaneously inflammable gas 
is produced (Fig. 308). Calcium 
phosphide is obtained by passing 
phosphorus vapour over heated 
quicklime. Tin canisters filled with 
calcium phosphide, attached to 
wooden floats, are soinctinies used 
at sea for signalling. The canister 
is pierced ubovc and below und 

r/ ..ti-vffc. \j thrown overboard. The gas ignites 

vu.-roD spontaneously and burns with a 
OH luminous flame (Holmes’s signal). 





Warm 

water 


Calcium 
phosphide 
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(4) Pure (not spontaneously inflammable) phosphine is 
obtained by heating phosphorous acid, HgPOj : 

4H3P03 = 3H3P04 + PH3. 

Phosphine is a colourless gas with a most unpleasant odour 
01 decaying fish, is poisonous, and is only sparingly soluble 
in water It is decomposed by heat or electric sparks into 
red phosphorus and hydrogen : 

2PH3 = 2P + 3H2, 

and its composition may be determined in this way. 

phosphine ignites spontaneously in 
air. A mixture of pure phosphine and oxygen is not soon- 
taneously inflammable, but if the pressure is' reduced a yio^lent 
^xplosion occurs The gas ignites spontaneously in chlorine 
n precipitates phosphides from solutions of sJlts of h^yy 

phosphorus trichloride. PCI3 (liquid) 
phosphorus pentochloride, PCI3 (solid). 

chlorine* over” whh^ prt^pared by passing a slow stream of dry 
lorine over «h.te or red phosphorus heated in a retort and 



“Cr: -1”S, S' asu 



CHLORIDES OF PHOSPH ORUS ^ 

water is hydrolysed into hydrochloric acid and phosphorous acid, 

HaPOs : ^ ^ H3PO3 + 3HCI. 



i Cl H OH 
p Cl H OH 
Cl H OH 

”i27 

solid which fumes in air and is 
hydrolysed by water in two stages : 

(\) W\ih.2i limited amount of water, 

a volatile liquid, phosphorus oxychloride, ^ [r — ’ 

POCI3, is formed : 

PCI5 + H2O = P0CI3 + 2HC1. 

By analogy with the reaction with 
PCU, we may suppose two molecules 
of water to react, but the product f^X 

Cl3P(OH)2, if formed, at once loses 
water and gives POCI3 1 -j' 


Cl 

Cl 

H 

0 i 

H 

Cl P 
Cl 

Cl 

H 

0 

H 


P p i Fig. 310.-PKEPARAT10N 

Ir:. : u n H OF Phosphorus Ienta- 

Cl ! Cl H U rl CHLORIDE BY THE ACTION 

OK Chlorine on the 

(ii) With excess of water the -j kjchloride. 

pcntachloride and a large amount of water . 

POCI;, + 3H0O = HaPOi + 

Cl H OH 
O^p Cl H OH 
Cl H OH 

PCI, mH20 = H3P0, + 5HC1. 


3 
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phosphorus trichloride and chlorine. These recombine on 
' Pa 5 ^:ePa 3 + CL 

.'Zn ;t.tr ““ " 

(1) Direct union of water and the acid anhydride: 

SOa + HaO^HjSO^; 

CO,+ H,O^H,COi; 

NgOs + HjO-sHNOa. 

(2) Displacement of an acid from its salts by means of another acid • 
NaCI + HjSOi = NaHSO, + HCI ■ 

KNO, + H3SO. = KHSO, + HNO, ; 

NajCOa + 2HCI = aNaCl + H.COj = sNaCl + COj + HjO. 

(3) Direct union of hydrogen with non-metals : 

Hs-l-aj = 2HCl; 

Hj -I- StpeHjS. 

(4) Hydrolysis of halogen compounds of non-metals ; 

PCl 3 + 3 H ,0 = H 3 P 03 + 3 HCI. 

(5) DispUcement from a hydrogen compound ; 

HgS 4- 13 = 2HI 4- s. 

phShoruf. are two important oxides of 

phosphorus trioride, P^Og or P^Og ; 
phosphorus pentoxide, PjOg or P40,o/ 

supply oVair^'^the^se^nd phosphorus in a limited 

FH y a.r, tne second b)- the combustion in a free supply of 

covered with the iL ThV^ ^ 

flame Lm^ Phosphorus at first burns ^vith a 

oxide which settle 'out iike^ flakes olTrf" phosphorus pent- 

flame becomes pale greenish aW ^ ^ 

trioxide is then formed ^ ^ non^lumsnous : phosphorus 
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Phosphorus pentoxide is a white powder which volatdises at 
a red heat. The vapour density corresponds with P4^io- “ 
is very deliquescent, and on exposure to moist air rapidly 
deliquesces to a sticky mass of metaphosphonc 
This is also formed when the pentoxide is thrown >"to 
water, when it hisses like red-hot iron, and flocks of meta- 

phosphoric acid settle out : 

P2O5+ Ho0 = 2HP03. 

On boiling the solution, orthophosphoric acid. H3PO4, is formed : 

HP 03 + HoO = H3P04. 

Phosphorus pentoxide has a most intense attraction for water^ 
It removes all traces of water vapour from gases, and will even 
‘re~the Clements of water.’ from other substances, such as 

nitric ^cid (d "loO sulphuric *icicl (p. v^S5/* 

PhorphorL uioxide. which is not 
with ice-cold water forms phosphorous acid. HaPOa tCA P- 4 5>; 

The phosphoric acids.-There are three phosphoric acid, . 

all of which^ay be regarded as formed by the 
to phosphorus pentoxide (hence termed phosphoric anhydride) 

P.O -)-H2() = 2HP03 metaphosphoric acid ; 

PjOa + 2H20 = HiPjO, pyrophosphoric acid ; 
p^0(i-t-3H20 = 2H3P0i orthophosphoric acid. 

Common phosphoric acid is orthophosphoric acid, H^FO., 

" " r'” 

(2) By bo. mg «,/ P 1 ,i„ ,he temperature 

St": t'L' and cVsSdsing by cooling in a vacuum desiccator 
Standing in a freezing mixture : 

P, + ioHN03 + H,0 = 4H3PO. + 5NO + 5NO,. 

(,) By digesting bone ash (calcium phosphate) with dilute 
sulphuric acid and filtering from calcium sulphate : 

Ca^fPO,), + .iH.SO, = 3CaSOi + 2H3P04. 

(a) By heating a phosphate mineral, coke, iron and silica in 
the Lcuic furnace in a ‘current of air, and collect.ng the P^Os 

*old m the ^irm of solution, which 
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has no smell and a strong acid taste. Pyrophosphoric acid, 
rtii-jU,, IS formed when orthophosphoric acid is heated for some 
time at 230 ; metaphosphoric acid (‘ glacial phosphoric acid ’) 

L & to re^d^'eTsT Py^°-P''“Phoric acid 

2H5P04 = H4P20,+ Hj0; 

H4P20, = 2HP03 + Hj0. 

p'losp'iates.— Orthophosphoric acid, H3PO,, is tribasic 

“hofp'Stes *™P'y 

prima^ phosphate ; sodium dihydrogen phosphate, NaH„POa • 
“'°“^HPo 7‘“‘* ' ''■“‘‘■“'P hydrogen phosphatei 

tertiary phosphate : trisodium phosphate, NagPO^. 

phosphate is ordinary ‘sodium phosphate,’ 

sodmm carbonate «ith phosphoric acid an^ c^staUisU 

r™t“ft.‘,V3,r,‘ ’ .(P- “ - P“actica7y Smi; 

of Khodc !dd to' ih H- "■ P^^i™ 

is obtained \aH P 0 3 rti“ ““ phosphate 

disodium ^ By crystallising the 

rhe action of heat on the orthophosphates is important • 

( ■ ) the primary phosphate gives a metaphosphate : 

XaH^POj = .\aPO 3 + H,0 ; 

(=) the secondary phosphate gives a pyrophosphate: 

2.\a„HP04 = Xa4P,0, + H30 

evolTes ‘wator^n^arnTr""’ hP'’,“P'’““=' ' 

. phosphoric acid : leaves a residue of meta^- 

(NHjIjHPOj =-- aXHj + H,0 * HPO 

wi^cht~hg“'giv::tff'"ar"’™‘“'^ ph^p'-t^. 

residue of sodium® m^e;a;ho!phr°"“ ^ 

NaHNH^PO, = NaP03 .. NH3 + H3O ■ 



SILICA 


460 


(t) the tertiary phosphate is unchanged. ... 

The action of silver nitrate on phosphate solutions is important : 

orthophosphates give a yellow prf^ipitate Ag^l U4 : 

pyrophosphates give a white precipitate of Ag^l .Ut , 
metaphosphates give a white gelatinous precipitate of AgPOa- 

Metaphosphoric acid alone coagulates albumin (white of egg). 
Orthophosphates give a yellow precipitate with ammonium 
molybdate on standing in the cold in presence of nitric acid, 
pyro- and meta-phosphates only on heating. 

Silicon. 

Silica -Next to oxygen, silicon is the most abundant element 
in the ciust of the earth (p. 8o) •. i' 

oxygen as ^^o'lhe acidic constituent of 

r"';y"bund tn't’ M ro.k. Gramte and 

tlL ^::riy':^?Vi;:^at'im;ort:mce tn everydav 

“'silica, although insoluble ,n 

as was pointed out b> Otto ciliritc formerlv 

solves in^otash. formmg a s— .of 

known as liquor of Jltnts. rtiNnlaccd from its 

acids differ in \ Xhe acidic character of silica 

compounds by a stronger a _ metallurgical operations, 

cxplains the formation of .belting ores o 

TjrzS' ino .» p~"it'TirS rf 's.:; 

fu.sible dioxide, 8102- 
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The forms of silica. — Silica occurs both crystallised and 
amorphous. The main crystalline form is quartz. Two other 
< rystallinc forms of silica are known : tridymite and cristobalite. 

Silica occurs not only in the mineral kingdom, but also as a 
ronstituent of vegetable and animal organisms. It is found in 
the straw of cereals and the bamboo cane, in the common weed 
• horse-tail.’ m the feathers of some birds, and in sponges. Va>t 
dcpo.sits of almost pure silica are found in the form oi kicselguhr., 
which consi.sts of the siliceous skeletons of e.xiinct diatoms. 



f' > ■ (_'r\nT/ Ekvst.vls. 


I his nMt. ii.J, l„ :i- TV i,,.r„u>. is um-iI to absorb nitroi;lvrvrin 
WlcrUoIs orii!''.’,’.' '‘‘f-'b'inK Meam pi|R> to 

at Ihrmouih''., Ur : ";;7 and is deposited 

rnlnnrl/i ■ ■ ' 1 ' ^ ' ’ ' ' -■■omolimes In clear, 

lense C V?lV* I'feparation ofspectacle 

frrn LtI apparatus, but more 

of ouar " ' varieties 

ronlk^r ^ .ire u.sed as gems. Saud 

Zr- L r '='^' hanged after the disin- 

tegration, or weathering, of rm k. .,nd has been crushed 

during Its movement by water. T'-u- purest forms of sand are 


amorphous silica 


4:1 


white C Calais sand ’) ; yellow sand is coloured by ferric oxide. 
W.L?. conysts of s’arfd grains ccnren.ed together wuh oxu ie 

of iron or other materials. ‘ Musical or Singing sand, whith 
lirk peculiar squeaking note when /ons.s. o 

rounded grains of nearly uniform s>re It "T ^ 1 ,; 

along with ordinary sand m various '“/‘‘''‘.''■'-"f. ' "‘'‘‘.L ox / 

h r“^‘^browl?'"T "e/become “pH: ic hefom Tusion. and 
woS’^nd blm^ itke glaL or drawn into th.ad^ 

“Sri'S* 

be possible to . -^^.^ll^'it/rays or theC^^^ 

which case the valuable ul vvnuld be freely trans- 

are largely cut out by ordinary gla^^ would be fred^^^.^^^^ 

mitted. Ultra-violet light «bei too pm r rays which 
Crookes’s glass, whtch .“b-'b“_^^‘^o,^ultra^uolc_t_^^^ y^^ ^ 

cause eyc-strain, is 

earths.* Glass ' arc' given off in electric arc 

^^Tdin^rd Ihe "yes a^d skin Jf the workmen requ.rc suitahle 

protection. «K...;rkg.gl Kv fusion a translucent 

va“:t;^i:itr=o:;f .nttmg sand wm. 

an electrically-heated car^ioti rod^orplatc^ 

sol" o7 which am comhined with crystalline forms in gems 
such as ,n‘'c7ialk coloured 

splits with a <onc ^ contains combined water 

;';;d l hke"X an^orphous varieties, apparently been formed 
by the drying of colloidal silica {q.v?^. 
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Silicates. — Silica, Si02, is an acidic oxide, and may be regarded 
as the anhydride of silicic acid, Si02 + H2O = H2Si03, just as carbon 
dioxide is the anhydride of carbonic acid : CO, + HgO = H2CO3. 
Their salts, the carbonates and silicates, are very stable. 



Fig. 312.— Vitrbosil Apparatus. 


When siUca, e.g., sand or powdered quartz, is fused with 
sodium carbonate a glassy mass of sodium silicate is formed : 

NagCOa + SiOj = NagSiOg + COj. 

This dissolves on boiling with water, and the thick concentrated 
soluti^on IS called water-glass. It is used in preserving eggs 
which It does by stopping up the pores in the shell, for rendering 

concrete oil proof and non-dusty, and, mixed with asbestos 

powder, in forming ura/ite boards for roofing etc 
Acids decompose a solution of sodium silicate, throwing 
down a gelatinous mass of hydrated silica; when washed and 

eel. which has 

mnhJt r probably because it contains a 

of fine capillary pores. When gelatinous hydrated 
silica is heated it forms a white powder of amorphous silica. 

'' practically non-volatile 
f'n ^ displace volatile acids from their salts 

ikpH fnr JV-^’ however, relatively inert and refractory, and is 

f “ygen. so 'hat the 

t.Zi of s.hca by carbon occurs only at very high 

temperatures in the electric furnace: Si02 + 2C = Si + 2C0. 

By heating a mixture of sand and coke in proper proportions in 
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the electric furnace the ve^- hard sihcon 
Sor^^rs : "hlrnrore magnetic 

X "iv^g ou. n,agnesiunr 

oxide with dilute hydrochloric at id . 

SiO. + 2Mg = bi + 2MsO. 

I. burns in chlorine f^rnring .he volanle^cju.d^^ra^ 

SiCU, which IS , 'I J’l^on ^Hv the action of acid on 

“ ^^..anunab,e gaseous 

sodium silicate, a gel of |>.‘ ,o ,bc acid, say hydro- 

the dilute solution ol the mIi . occurs The liquid may 

chloric acia, no [„djuni chloride and a colloidal 

then he saPP"'"'** , f u is iioured into a dialyscr, the 

solution, or so , « ‘^^Awav and a clear sol of silica (or ol 
sodium chloride ‘ ' ’ diffuse through the membrane 

i 3 ,£K. 

=££5“£x-‘£s' .. -... 

with m everyday ^ unimportant as might be thought, 

loidal silica IS ^ i„,portant minerals and rocks have 

:r« £3;;;' *■ """ 

natural colloidal , , compounds of boron are bone 

ho' ‘'’r^Srs';'diumTa‘’r.L. Ka,H,0„.cH.< 
(boracic) acid. Hah >31 in some natural 

Horii- which it is extracted. Horax occur.s 

Steam jets m Tuscany, prepared by boiling calcium and 

berate minerals with sodium carbonate solution. 
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By adding hydrochloric acid or sulphuric acid to a hot solution 
of borax, boric acid, H3BO3, is deposited as crystals on cooling ; 

Na^B^O^ + HaSO^ + sHp = + 4H3BO3. 

The acid is a mild antiseptic, and since it is a vgfy weak acid it 
may be used in weak solution as an eye lotion. Boracic oint- 
ment contains the acid mixed with lard or vaseline. On heating 
bone acid loses water and fuses to a glassy mass of its anhydride 
boron trioxlde. B2O3. When heated with potassium or mag- 
nesium this yields boron, a dark brown powder insoluble in water 
and most acids. 

Borax is used as a flux in hard soldering, since in the fused 
state it dissolves oxides of many metals and leaves the metal 
surface clean. For ordinary soldering (‘ soft soldering ’) a 
solution of zinc chloride or sal-ammoniac, or resin, is generally 

used. Boraxisusedinthelaundry for softening water, in making 

some kinds of glass, enamels, and glazes for pottery, and as an 
antiseptic. Many meiallic oxides dissolve in a globule of fused 
borax on a platinum wire to yield masses with characteristic 
^■J*ours ; cobalt gives a deep blue ‘ borax bead.’ 

Areemc.— Arsenic is an element which is chemically analogous 
to phosphorus. Like the latter, it exists in allotropic modifi- 
cations, one of which resembles white phosphorus by oxidising 
in air at room temperature, and exhibiting phosphorescence. 

1 he common variety is a brittle solid with metallic lustre Ar- 

very widely distributed, especially in some ores of 
metals, from which it is separated, by roasting, in the form 

°L^nr’'5' (or simply 
nr ^ This IS extremely poisonous and is 

form ns etc., and dissolved in caustic soda in the 

Ars^niLs‘’nx“^e‘^™''i' - “lAsO,, as sheep-dip and weed-kiUer. 
Arsemous oxide is used in making glass and some pigments. Ar- 

AsH gaseous hydride, arsine (or arseniuretted hydrogen), 

conte J is formed when a cLpound 

th ouph“n“h fa 1"“ decomposed by^ssage 

rf arfenic fT f blacVmirrL 
ot arsenic {Marsh s test). Arsenic acid. HoAsO. is obtained 

Tnl nit^ric acid • TeaS 

arrenate and calcium arsenate are used in spraying fruit trees to 

check parasites; they are very poisonous. ^ ^ 



questions 
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PART II 

non-mktallic EUEMENTS 

1. HOW would you prepare a 

cxperimente would P*"/ experimentally (i) that oxygen is 

L r:tro“pL'r““<rtHat o!:,y oner,., o, t,.e atmosphere 

" 7'Zo a list of /..<r nre.ho,is 

from the air. pcrcenUKC of oxypon in the atmos- 

practical importance. N y * j. ^vorld in spite of its bcinp used 

amrUc%^“uon“’c?Iust,on. Cc. . ' (U.ndon Oon. Schoohl 

3. Dcscrn. the methoh 

you would take ^ rhlor.ile. How would you show that 

oxygen contained oxygen (<i) is a chloride. (/*) contains 

the residue after getting rid fjoint Matric. Board School tert.l 

potassium ? 

4. Dc^ri.. brieny w.tcr 

would you remove from oxygen . fCamb. Local Jun ] 

'“T HOW could you obU.u oxyRcn Ras (rom the ,, , 

■r,^^Txit vou have performed, or seen {xt- 
formed'^n^mmgH-ulSJn^.s employed, to illustrate four only of the 

following : rrvstallisalion by a salt on heating. 

»„ heatmg a substance 

(c) A metal burning m a gas. 

(d) Dccrepitiition. 

(e) Bleaching- 

(/) Sublimation ^ observed during the 

In each e^ase state carefu y fjoint Matric. Board School Cert.) 

experiment. 
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7. Describe the preparation and properties of ozone. On partly 

ozonising 250 c.c. of oxygen a decrease of volume of 12*5 c.c. resulted. 
If the resulting gas was treated with excess of potassium iodide, calculate 
what volume of gas would remain and what weight of iodine would be 
liberated. [London Matric.] 

8 . Write an account of the preparation, properties and probable 
constitution of ozone. Give three characteristic tests for this substance. 

[Central Welsh Board, Higher.] 

9. How is ozone prepared, and what are its principal properties ? 
Describe and explain its action on (i) potassium iodide, (ii) hydrogen 
peroxide, (iii) lead sulphide. 

10. Describe the preparation of hydrogen on a large scale. Three 
gm. of water are treated as follows ; (a) passed in the form of steam 
over red-hot magnesium. ( 6 ) acted upon by sodium. What volume of 
gas (calculated at n.t.p.) is produced in each case ? 

[Camb. School Cert.] 

11. A balloon of 1000 litres capacity is to be filled with hydrogen at 

27 '’ and 7.')0 mm. What is the minimum quantity of iron required to 
liberate the necessary amount of hydrogen ? [Calcutta Inter.] 

12. Sketch the apparatus you have used to prepare and collect a 
jar of hydrogen by the action of dilute sulphuric acid on zinc. Suggest 
an alternative method of preparing hydrogen and write equations for 
both metho<ls of preparation. How would you show (a) that water is 
formed when hydrogen is burnt in air, and ( 6 ) that hydrogen is a reducing 

^ [Joint Matric. Board.] 

13. (live a brief account of the action, if any, of steam on the 
following substances when heated ; carbon, magnesium, iron, copper. 

[Camb. Local Sen.] 

14. Desentn: carefully, and with full experimental detail, an experi- 
ment by which you could determine the amount of dissolved salts 
present in a given volume of sea-water. How would you show that the 
principal substance dissolved in sea-water is sodium chloride ? 

[Univ. of Lend. Matric.] 

15. State clearly your reasons for believing that the oxygen of the 
atmosphere is present in the free state and not in the combined form. 

[Central Welsh Board, Elementary.] 

16. Describe an experiment which you have performed or seen 
performed for determining the percentage of oxygen in air. 

[Central Welsh Board, Elementary.] 

17. Describe methods (one each) for the preparation of hydrogen 
from (a) cold water, (b) steam, (r) a dilute acid. What impurities, if 
any, are likely to be present in the pas prepared by each of these 
methods, and how would you propose to remove them ? 

Name three elements with which hydrogen can enter into direct 
union, stating the conditions under which union takes place in each 

[Central Welsh Board, Elementary.] 
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X8. Describe three distinctly 

hydrogep. . ^ ^ v.-at^r > What are the causes of 

19. What is meant by hard and ^ojt ^ ^ Local Jun 1 

the differences between a hard and a ^ft of a kettle in which 

20. What is the ' fur ’ usually found on th^ ^ - Kxplain carefully how 

ordinary tap water has been *'"^‘1“ ^ would prove, experimentally, it 

it has been formed and say J [London Matnc.j 

to be the substance you say it is. ,,r.^cmitate {n) on boiling. 

21. A natural water i. addition of a solul.on of 

Sr^ ^^r^ale sta Jthe inference you ^vould d^^ ^ ^ 

22. When is a sample of m^'^earons 

would remove the different , ,rpnsc.’ iCalcutta Inter 1 

employing any particular proces. fo th pun 

23. To what is the hardness of j, ,or lu-utralisation with 

200 c.c. of water require \ must he a.lded. m the form 

methyl orange. What weight ? f.Mlahabad Inter 

of lime water, to soften ..50 gallons of th s v aU ^ 

24. Give some account of the ^,,,.,,1 ,,,th the properties 

and gaseous states respective >. « ^Inch you are atquainte<l 

of other solids, liquids, and gases with whut. > j 

' 25. Describe the prepar.iUoii of ''(M* potassiuni 

action of this compound on («) l-d , ,„.b. School Cert 

iodide, (c) silver oxide ^ ,rh..n O') sodium. (O niag- 

26. Under what v state the products that are 

nesium. and (d) iron, react ICalcutta Inter 

formed in each <ase, giving cqi .Iwinical and phy-i..d 

27. Write a succinct fl,Hercnces in the behaviour ot ram 

amr^c^ ^-ter ...ards .a,, s..^u<m 

28. Make a list Of all^Uie .netals^- 

Tentoi^'.^ndifionsbcst 

pounds arc reduced back ‘<?.'^‘‘^V i lu action of steam on red-hot 
under what conditions ' ^^hat , irntranee i:xain. Mysore I ni' 

charcoal ? , ,.biorme dioxide respectively 

29. How are chlorine ‘ each an<l how dws each 

prepared ? What is tne efUit ot Welsh Hoard. Higher. 

react with aqueous potash . M>cciinen of chlorine from 

30. How would ^„rc-xpla.n the reactions which occur 

potassium chloride Dc^c inlium hydroxide, (b) ammonia, 

when chlorine is made to act upo v 1 

(c) slaked lime. 
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31. Given a supply of common salt, manganese dioxide, concentrated 

sulphuric acid and the ordinary laboratory apparatus, state what gases 
you would be able to prepare and give equations for the reactions in- 
volved. In two cases describe fully how you would prepare and collect 
the gas in a pure, dry condition. [London Gen. School.] 

32. Describe exactly, ^ving a diagram, how you would prepare and 
collect chlorine. Detail its main properties, emphasising those which 
make it of importance commercially. What happens when it is passed 
into (i) potassium bromide solution, (2) hot caustic potash solution, 
and (3) calcium hydroxide ? (Educ. Institute of Scotland, Preliminary.] 

33. Chlorine was formerly called oxymuriatic acid. Why was this ? 

What reasons have you for saying that the early ideas as to the nature 
of chlorine are incorrect ? [Madras Inter.] 

34. Describe fully how you would obtain from sea water : (a) pure 
water, (6) a fairly pure specimen of sodium chloride. 

[Camb. Local Jun.] 

35. How is hydrochloric acid prepared ? Describe what happens 
when (u) dilute, (6) concentrated hydrochloric acid Is distilled. 

[Camb. School Cert.] 

36. Describe the preparation and collection of dry hydrogen chloride. 
Compare and contrast the behaviour of hydrogen chloride with that of 
chlorine towards (u) ammonia, (6) water, (c) potassium hydroxide. 

[London Matric.] 

37. Devise an experiment to illustrate each of the following : (a) 

I he change of colour when a chemical action takes place. (6) The 
ormation of a solid when two gases are mixed, (r) The evolution of 
hwt when two cold liquids arc mixed, (d) The promotion of a chemical 
change by means of light. [India.. U.P.] 

How may pure oxygen and pure chlorine be prepared from 
potassium chlorate ? Compare the properties of these two gases, and 
give as many c.xampUs as you can of the oxidising action of chlorine. 

[Central Welsh Board. Elementary.] 

39. What Ls an oxidising agent ? Illustrate your answer by reference 
to b eaching powder. How is bleaching powder prepared and what 

re 1 uses . [Qucen’.s Univ. Belfast, Matric.] 

40. Describe how hydrogen chloride gas is usually prepared, and 
stote how you would obtain a small quantity of a saturated solution 
of this substance. Give some account of the chief properties of the 

^ ^ [Central Welsh Board, Elementary.] 

41. State m a tabular form the simil.-irities between chlorine, bromine, 
and iodine which have led to the.se elements being classed under one 
group, and show how the properties of the individual elements vary in 
a regular manner with their atomic weights. 

(Cl = 35'5: Br=:8o; 1 = 127.) 


[Madras S.L.] 
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43. Name the reagents- that are 

‘^r p-" 

these chemical facts show concerning the relative 8 , 

hydrochloric and hydrobromic acids . chlorine 

44. State and explain the poJ^sh^ ^ is poured on 

is passed through a solution . washing soda, and (3) strong 

a mixture of potassium acid su p iodide and gently warmed, 

sulphuric acid is added to solid potassiu [Madras S.L ] 

45. HOW is iodine usually obtained ^ State its Vn^ n] 

46. Describe in detail how you would prepare ^ 

different forms of sulphur. working 

47. Explain, with a Vith what inat. rials would 

of Kipp's apparatus for generating gases. j^oxide, (M hvdrogen 

you charge the apparatus for prep the reactions which 

(c) hydrogen sulphide ? O.ve the equations o ^latric. , 

take place in each case. hvdrogen sulphide, using 

48. How would you ralus you would employ. \M>at 

ferrous sulphide ? Sketch ihc apparal • > aioxidc. (6) aqueous 

is the action of hydrogen of lead nitrate > 

solution of caustic soda, (c) aqueou. Matnc. Hoard School Cert.l 

49. Describe an experiment and 'explain the action 

contains its own volume of , j., p,^.^ed througli a(^ucou^ 

that takes place when ^^'P*';*. , .‘.“’^ 3 , (.) dilorim-. and ( 3 ) caustic 

solutions of (I) hydrogen ^ coiicral iiietluxU of prcp.ying 

soda. Describe with examples three gciicr (Madras S.l. : 

. r . 1 ,. Kino's apparatus. Explain the 

50. Draw a neat ^l^etch of t e generate hydrogc-n 

manner in which you would P^ „, ode of action of the .l.ncrcnt 

sulphide. State clearly the function [Madras b,l.! 

parU of the apparatus. . ) Indicate two metluHl^ 

51. What are the chief uses of names and lorinulae, 

by which it is prepared on a arge sc the uo.i.pouivds <.1 

together with the usual me chlorine, nitrogen, and .'uiphur 

hydrogen with each of the ee [London (•eJi. bcliool ! 

Write your answer in tabular orin. .. . exhibited in the 

52, Describe fully the P'**-’''*"'™ Knlranu.- Schol.l 

case of sulphur. 1^* , c of tlilute 

53, An excess of ferrous '^‘'J;;‘',';‘';’,^^'p^'',‘Jlphide set tr. e measure<l 
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54. How is hydrogen sulphide prepared in the laboratory ? Describe 
the experiments you would perform to show that hydrogen sulphide 
is both an acid and a reducing agent. What reactions take place when 
the gas is passed through aqueous solutions of (a) caustic soda, (f>) 
chlorine, (c) copper sulphate, (rf) nitric acid ? 

55. How may it be shown that hydrogen sulphide is a compound of 
hydrogen and sulphur, and that it contains its own volume of hydrogen ? 

56. Give an explanation of the terms oxidation and reduction. 

Classify the following substances as oxidising and reducing agents and 
give examples of their behaviour : sulphur dioxide, chlorine, nitric 
acid, hydrogen sulphide. Give examples of the behaviour of any one 
substance you know can behave both as an oxidising agent and as a 
reducing agent. [London Matric.] 

57. Describe and explain as far as you are able the appearance 

presented when copper turnings and concentrated sulphuric acid are 
heated together in a flask. Sketch the apparatus required for pre- 
paring and collecting the gaseous product of this reaction, and write 
the equation for the reaction. Make a list of the properties of the 
gas, and state how it will react with (a) sulphuretted hydrogen, (6) 
nitric acid, (c) water, (d) lead dioxide. [London Gen. School.] 

58. How may sulphur dioxide be prepared ? Describe experiments 
to illustrate the reducing properties of sulphur dioxide. 

[Camb. Local Jun.] 

59. How would you prove that sulphur dioxide contains its own 
volume of oxygen ? Give a neat sketch of the apparatus. 

[Calcutta Inter.] 

60. Describe, giving equations, the action of dilute sulphuric acid 
on rinc. bleaching powder, and sodium carbonate, and of strong 
sulphuric ;iti<| on charcoal, copper, common salt, and .saltpetre. 

[Camb. Local Sen.} 

61. How may the combination of sulphur dioxide and oxygen be 
brought about on a commercial scale ? How would you prepare from 
sulphuric acitl ri/Zirr sulphur or oxygen ? 

* ^ nu.xture of sand and sulphur. Describe two 

totally different methods by which you could extract the sulphur. 
bUrting from pure roll sulphur, how would you prepare a dilute solution 
of sulphuric acid ' How would you prove sulphuric acid to be con- 
tained m your solution ^ [London Matric.] 

63. How is s-ulphur dioxide prepared (.1) in the laboratory. (6) on 
the large scale . What reactions take place when the gas is led into 
(a) chlonne water. (6) potassium hydroxide solution, (c) a mixture of 
nitrogen peroxide and water vapour ? [Oxford and Camb. School Cert.] 

64. A sample of sulphuric acid having a specific gravity of 1*51 

contains 60-65 per cent, of pure sulphuric acid by weight. What 
volume of this acid would be required to furnish one litre of normal 
sulphuric acid . %Vhat experiments would vou make in order to verify 
your calculation ? ' j^camb. School Cert.] 
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65. Say what you undersUnd by ' cata.ysU,’ and give examples o. 

the “-r 

66. Write a succinct ^"‘'°""\"L^uric^ad'r^Wha^1s the effect of 

process for the manufacture o P .. suJphuric acid : copper 

heating the following substances se r^ntral Welsh Board, Higher.] 
charcoal, oxalic acid ? rtrpoarcd ? State and 

67. How is sodium solution of this salt is added 

explain what happens '^^en a ,n aqueous potassium 

to (a) dilute sulphuric acid. reaction in the laboratory^ 

iodide. What use is made of this latte Higher 1 

68. The problem of how to from Chemists during the 

nitrogen has received of the reasons for this and, without 

present century. State clearly hort account of any one manu- 

going into technical details, gi' utilisation of this nitrogen 

Lturing process devised with a v.c^^ to the j 

69. Describe a good laboratory method of^prepanng^ 

Name four common desiccating why. What two gases 

cannot be used to dry “^they^bc- obtained separately from 

does ammonia contain and hou can they [Madras S.L.] 

ammonia > hydrochloric acid gas 

70. What is the action of oxygen, when mixed and 

ib) water, (c) chlorine, (d) heated _ ■ acquainted ' 

ignited ? With what uses of ammonia . > , j hleiii. bci ] 


•O ^ ^ 

71 It is renuired to prepare dry anynonta ^ would employ. 

hJL ^ppo 'oxidc (C^O,. Sketch bxpl„n, bow 

.. ** xt 111/, reactions \snicit 1 “'^ 1 „i,.n,i.nts are 


heated copper oxide (CuO), r^Kc-t... v... ^ ^ iis]d..ux how 

and write equations for the ,vhat < hemical cleinentN are 

this experiment gives information [I. <, lulon t'en. School., 

present in ammonia gas. 1 ,., ^ Starting from 

72. How is nitric acid (M' NO, {() NO,, 

nitric acid, show how you would prej . _,i^,itta Inter.) 

73. smtti„« w,tb ae.6.;ow W„.,M vot. 

nitric oxide, and nitrogen peroxide, each LUc-r.) 

4 


. , -I ll„w m.iy the mlrogi-n 

74. Describe the ox.di- (M aii.monia, (0 

in nitric acid be converted into («) mi School Cert ) 

oyiific ' I ,uch other laboratory 

75. Being given a supply )„iiy how you would obtain 

materials as may be oxide gase-s re>pocttve y_ 

pure spiccimcns of nitrous 0 x 1 * sodium nitrate («) alone*, (^) 

What is the effect of strongly heating [I^ondon Oe-n. School.] 

charcoal ? 
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76. Describe the preparation of nitrous oxide. Write an account 

of its chemical and physical properties. [Camb. Local Jim ] 

77. Find the composition of nitrous oxide from the following data 

(the volumes are reduted to n.t.p.) : volume of gas taken = io c.c. ; 
volume after addition of hydrogen = 28 c.c. ; volume after explosion 
= r8 c.c. ; volume after addition of oxygen = 27 c.c. ; volume after 
second explosion = 15 c.c. [Calcutta Inter.] 

78. If you were provided with an aqueous solution of ammonia and 
some concentrated nitric acid, how would you prepare and collect, 
from these materials, a dry specimen of nitrous o.xide ? Describe a 
method for determining the volume of nitrogen which can be obtained 
by decomposing a known volume of nitrous oxide. 

[Camb. School Cert.] 

lATo/c.— No materials, other than those pro\'ided, are to be used 
in drying the gas.] 

79. You are provided with an aqueous solution of ammonia and 

concentrated nitric acid. Say exactly how you would prepare from 
these, and collect, a pure dry specimen of nitrous oxide. Explain 
briefly how you would show that nitrous oxide contains its own volume 
of nitrogen. [London Matric.] 

80. What is observed when nitric acid, diluted with its own volume 
of water, is poured upon copper turnings ? Sketch the apparatus re- 
quired to collect the gaseous product, and ^vrite equations representing : 
(a) the formation of any intermediate products, (6) the complete reaction. 
Name the gaseous product : briefly describe how you would identify 
it. and demonstrate the presence of the elements in it. 

[London Gen. School.] 

81. Describe the action of heat on the following substances giving 
equations in each case : (a) ammonium chloride, (b) sodium nitrate, 
(c) calcium carbonate, (d) cupric nitrate and (e) ammonium nitrite. 

[Calcutta Inter.] 

82. How would you prepare nitrogen peroxide ? Describe its 

physical and chemical properties. [Camb. Local Jun.] 

83. How would you obtain (a) chlorine from hydrochloric acid and 

vice ve^ ; (t) nitrogen from ammonia and \'ice versa : (c) sulphur 
from sulphuretted hydrogen and vice versa ? [Calcutta Inter.] 

M. Compare the modes of formation and properties (both physical 
and chemical) of the hydndes of nitrogen and sulphur. [Dacca Inter.] 

85. (a) How would you prepare nitric oxide in the laboratory ? 

(0) Explain what will happen if this gas is passed for some time 
slowly into a jar of air conhned over water. [Civil Service. N. Ireland.] 

86. What is the effect of heat on nitrates of the metals ? Illustrate 
your answer by reference to the nitrates of potassium, ammonium, and 
lead respectively. Give one test by which you could distinguish a 

[Central Welsh Board. Elementary.] 
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the appearance of the ^.. .Joduced by warming the liquid 

when it is added to "'ater. -ind more strongly and then 

nitrogen dioxide is gradually heate ♦ laboratory. Describe and 

cooled gradually to the temperature fUniv of Lond. Matric.l 

explain aU that is observed to happen. [Un.r . ol 

these substances with those of the diamond. 

89 . State briefly the c^ef Uifio^r«ices 

and compounds. Refer water, iodine, silica, sodium, 

stances in illustration of your » • * a.i^aiiv occurring substances 

glass. Name some of “\6,tXm,cal ^compounds 

in which carbon is present (a) as an eicmciu, i ^London Gen. School 

. • .xv.vttirps ■ in the correct sense : tluy 
[^ro^e.-Ai^ and glass arc not mixtures 

are solutions.] 

90 . How would you j^cu" 

carbon ? Mention one other ^.^ch form. 

and describe the preparation am < PP ^^nib. School Cert ] 

91 . Give a lull account ol the allotropic lorms of «rbom ^ 

92 . Descrilte the ^!i,Tg'‘Vn “^nixf^^ 

- s:;:^c:r;’' 

each present ? . w 

i r It 27' and 750 mm. would be required tor 

93. What volume of air ..t ^7 ^ .fixture containing 4O per cent 

the complete combustion of . g* carbon monoxide by 

hydrogen. .,0 per ^nt and t, per cent oxygen 

volume. Air conbims 70 I>tr (Calcutta Inter J 

by volume. . . 

4 wi ,1 ner cent by volume of oxygen, what 

94. Assuming air to contam ^.juired for the complete 

volume of air at 27 and 755 following gases at the same 

combustion of one litre of e.i< j ,r„«cn (b) methane, (c) carbon 
temperature and pressure : («) l.ydrogcn. t } ^Calcutta Inter 

monoxide ? 

95. Gescrihe a method c'^ 

5-5 c.c. ol concentrated ';; 7 - ,Vr ioutralisat.on to e.c of 
and 7 O c.c. of the diluted . j ^ ^ retiuired to yicUl 

N NaOH. Calculate the xseight of unaiiu (Madras Inler.| 

250 C.C. of carbon monoxide. 
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96. The gas obtained by the action of sulphuric acid on oxalic acid 
was rapidly passed through a dilute solution of caustic soda and then 
suitably dried. It was analysed in a eudiometer as follows ; 

Vol. of gas taken. 12*6 c.c. ; vol. after addition of oxygen, 2 i‘i c.c. ; 
vol. after explosion, 14-0 c.c. ; vol. after absorption wth caustic potash, 
2'3 c.c. (all at the same temp, and press.). What do you conclude as 
to the nature of the gas analysed ? [Madras Inter.] 

97. What reasons have you for supposing that there is twice as 

much oxygen in a given volume of carbon dioxide in an equal volume 
of carbon mono.xide ? How would you attempt to compare the solu- 
bilities of these two gases in water ? [Madras Inter.] 

98. How and under what conditions do hydrogen and carbon 

monoxide react upon (a) copper oxide, ( 6 ) chlorine ? Suggest a method 
by which one of the constituents could be separated from a mixture of 
hydrogen and carbon monoxide. How would you show whether it 
had been obtained in a pure condition ? [London Gen. School.] 

99. Describe a method and sketch the apparatus required for pre- 

paring and collecting pure dry carbon dioxide gas. How can this gas 
be converted into carbon monoxide ? 10 c.c. of carbon monoxide 

are exploded with 20 c.c. of oxygen in a eudiometer, over mercury. 
W hat volume of gas is left, and what is its composition ? (All volumes 
arc measured at the same temperature and pressure.) 

(London Gen. School.] 

100. What experiments would you make in order to ascertain whether 

carbon when oxidised completely reacts with oxygen according to the 
equation C + O, = CO, ? [Camb. School Cert.] 

101. Two volumes of a certain gas when exploded with five volumes 
of oxygen yield exactly four volumes of carbon dioxide and two volumes 
of steam. One hundrei! and four grams of the gas occupy the same 
volume as a hundred and seventy-six grams of carbon dioxide, measured 
under the same conditions. What is the gas, and how would you 

prepare a crude sample of it ? (H = i; 0 = i6; C = i 2 .) 

[Queen’s Univ. Belfast. Entrance Schol.] 

102. What amount of marble will have to be dissolved in hydro- 

chloric acid in order to produce 15 litres of carbon dioxide at 27 ® and 
750 mm. ? W^hat weight of pure carbon will give that amount of 
carbon dioxide on combustion ? [Calcutta Inter.} 

103. Write a short account of the discovery of carbon dioxide. What 

name did its discoverer give to it, and why ? W'hat properties of the 
gas did he discover, and how ? Give as many methods as you can for 
its preparation. [Madras S.L.] 

104. Write notes on the practical uses of the folloNsing substances : 

ammonia, chlorine, carbonic acid gas, and water. [India. U.P.] 

105. Give a full account of the successive changes you see when 

carbon dioxide is passed into lime water. How do you explain these 
changes ? [India. U.P.] 
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burnt in the air certain gases are 

106. When sugar is show that tiiese gases are 

produced. Describe fully how yo j^yjnan beings. Explain the 

:'“„rptl 1 o‘p:rHyu:ra^.'V.at U^'.ne .un^on o< nurog^n -n .,e 
“owe a U. o. .He c^. ^ 

s-t e!r‘:f r -dr 

hydrogen, carbon monoxide, | ^ ejjloresccni. naming, with 

dio.xide. Define the terms ^ ri^ndon Ccn. School ] 

their iormulae. two examples m each cas. I 

108. Describe what happens compare the action w ith that 

a solution of poUssium Vceniral Welsh Board. Elementar>-.] 

of the same gas on Ume water. I . , bv heating marble 

m How can it be showm that the^gas o liydrochloric 

is the same as that obtained ^ . , Write an account of the 

acid ? Give three tests (one. quantltall^e). 

part played by this gas Certificate (Higher). Scotland.] 

110. Four bottles ^re given to ^-ou^contairung^^^^^y^^ ^vould you 

nitrogen, and carbon dioxide. By (India. L.I.] 

distinguish these gases from one ,onlaiiung 85 per 

111. One and a half grams of a ^mp^ 

cent, carbon, 5 cent. ' 'lr<.c from carbon dioxide, 

plctely burnt in a current of dry a r 1^^^ .weighed U-lubes fil ed 

products passed .,d„^ ;jnd sodu-lime Calculate the 

Liiectivcly with calcium chloride unu fCalcutta InUr ] 

alterations if any in the weights of the tubes. 

112. Sketch and describe the use o j,re.du< is of com- 

you could demonstrate the " .j,r C.ise an account of an 

bustion obtained when coal gas 

t-eii. Sch..ol.l 

113. Mention the different forms of (';,l''Vi'.rM.ice of any tw', 

Describe the manufacture by ..boruiidum. cahiuni 

of the following subsUnces ; graphite. jwlfast. Malm ] 

i s ainl liicarbulKitcs, 

114. Explain the difference q”'."'^l, rewp.n f 

illustrating your , "ng Cert^ Scotland ] 

115. SUte the law of a„<l sjLrkcM. Wluit is the 

ethylene are mixed with i<> c.c. of yh all measurements 

composition by volume of the iCamb. School Cert.] 

being made at a temperature above 100 
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116. Twenty-five c.c. of marsh gas at n.t.p. are mixed with 300 c.c. 

of air at 27* C. and 750 mm. pressure, and the mixtixre is exploded by 
electric sparks. Find the volume of the residual gas at 17'* C. and 
750 mm. Air contains 20 per cent, of oxygen and 8oj)er cent, of nitrogen 
by volume. [Calcutta Inter.] 

117. Ten c.c. of a gaseous hydrocarbon are exploded with 25 c.c. 

of oxygen. The mixture contracts to 15 c.c. On adding potash a 
further contraction of 10 c.c. takes place and the residue is found to be 
pure oxygen. What is the molecular formula of the hydrocarbon if its 
density be 8 ? [Calcutta Inter.] 

118. Compare the properties of ethylene with those of methane. 

What volume of oxygen would be required for the complete combustion 
of 250 c.c. of each of these gases ? [Camb. Local Sen.] 

119. Enunciate Avogadro's hypothesis. 25 c.c. of ethylene at 

100° C. and 760 mm. are exploded with 150 c.c. of oxygen. State 
the volume and composition of the residual gas under the same con- 
ditions of temperature and pressure. What would be the result if 
instead of ethylene (a) 25 c.c. of carbon monoxide. (6) 25 c.c. of methane, 
were treated similarly ? [London Matric.] 

120. How is methane usually prepared and collected ? State its 
principal properties and explain carefully what happens when it is 
(fl) led over red-hot cupric oxide, (b) burnt in an atmosphere of chlorine. 

[London Matric.] 

121. How would you distinguish between methane and a mixture 
of ethylene with twice its volume of hydrogen ? What volume of 
o.\ygen is necessary to burn completely one litre of ethylene, both 
volumes being measured at the same temperature and pressure ? 

[London Matric.] 

122. What reagents would you employ to remove small quantities 

of (a) carbon dioxide from carbon monoxide, (6) sulphur dioxide from 
ethylene, (c) nitric o.xide from nitrous oxide, (d) hydrogen sulphide 
from hydrogen, (e) chlorine from oxygen ? Give reasons for your 
selection. [Camb. School Cert.] 

123. What is a flame ? Explain fully the structure of a candle 
flame, describing simple experiments in support of your explanation. 
Is there any difference l>etween a candle flame and that of a Bunsen 
burner ? If so, explain the nature and cause of the difference. 

[Calcutta Inter.] 

124. State what chemical changes occur when a candle is burnt in 

air, and describe exf>erimcnts in support of your answer. Give an 
account of the structure of a candle flame. [London Gen. School.] 

125. Describe Davy's safety lamp and e.xplain fully its action. 
State the circumstances under which its usefulness is impaired. 

[Calcutta Inter.] 

126. Assuming that air contains 23 p>cr cent, by weight of oxygen, 
find the volume of air at 27® C. and 750 mm. pressure that would be 
required for the complete combustion of one kilogram of coal containing 
90 per cent, of carbon and 5 per cent, of hydrogen. [Calcutta Inter.] 
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127. What do you applicable to 

terms combustible subslauce an ^ experiments to illu^rate 

one and the same substance- [Camb, School Cert. 

your answer. ^Kfiinpd from calcium 

128. How are Tnd ^physical properties of these 

phosphate? Compare the c _^oerimcnts to prove that both are 
substances and describe some P Camb. School Cert ) 

forms of the same element. t - aiff^vrenccs in tlu- 

129. Describe '>'P''""'7*"J°o(‘’pro°sphores How would you show 

properties of »»= common forms [Madras b 1. 

that they arc varieties of one an chemical properties 

130. Compare the methods phosphine. What other 

of sulphuretted hydrogen, ^mmon ^ phosphorus belong' 

well-known compounds suggest that nitrog [Madras Inter.) 

to the same group of elements . ..^rtivclv one of the f"l- 

131. Seven unlabelled bottles carbonate. (M seximm 

lowing solid substances ; (a) *y^ . potassium bronmlc. (r) sodmm 
bicarbonate, (c) POtassium iodide j.-ntoxide. Describe 

sulphite, (/) ch you could Identify 

simple tests by means of whicn y [l.ondon t.eii School. 

Arrange your answer in yen . chemical properties of 

132. (a) Describe fully the ph> • does sihia 

silica. State if it is acidic or basic. ( ) [Allahabad Inter 

occur in Nature ? charetKd. (' i 

133. What experiments would behaviour of the^c 

silica, (c) quicklime to show the g [l.oiidon Matni 

subsUnces ? .iii. i > Ailduce evidente 

134. What is the chemical formu a . j 

in support of the statement ‘ intion ol the .ui'l ' ^ 

How would you prepare an aqueous s [^l.imdon Matnc. 

135. With what classes of “‘''‘r-,' vour 

you distinguish between them ? J, ,„a„g..ne»e. ...rbnn mot - 

to the following : hme. sihca. black ox vx.imi>les. th< 

oxide, and carbon ei ei 

meaning of the terms anhydride and * l.tMidun ^ School 

ti »s itid *d Ailica* 

136. Write a note on the nn Ik-llast, Maine. ; 

^ Iroiu t^rdinarv 

137. Say briefly how .S’' I' I 

white sand : (a) silicon, (i*) • tlu-m , 

Describe the principal properties of Wvlsh Board, Higher.) 

^ tic-s of the two chlorides 

138. Describe the ,^"‘^.r°'arVueated with 'vatcr ? 

of phosphorus. What happens when jjo^rd, Higher.) 
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ANSWERS TO QUESTIONS 

7 . 212*5 C.C.: 0*2858 gm. 11 . 7537 gni* 23 . 17*175 gm. 

53 . 0*73 N. 64 . 53*6 c.c. 93 . 5833 c.c. 

94 . (a) 2*38 litres ; (6) 9-52 litres ; (c) 2*38 litres. 95 . 57 ° 

96 . 12*4 c.c. CO ; 0*2 c.c. COj. 

99 . 25 c.c. ; 10 c.c. CO,. 15 c.c. O,. 

101 . Acetylene, CjH,. 102 . 60*2 gm. ; 7*2 gm. 

111. 0*0083 gni* ; 4*675 gm. 

115 . 42-5% CO, : 42-5% H ,0 (steam) ; 5% O,. 

116 . 268 c.c. 117 . CH4. 118 . 750 c.c. • 500 c.c. 

119 . 175 c.c. ; 75 c.c. O5, 50 c.c. CO,. 50 c.c. H.O (steam). 

(a) 163*5 c*c. ; 138*5 c.c. O, ; 25 c.c. CO,. 

I (6) 175 c.c. • 100 c.c. O,. 25 c.c. CO,. 50 c.c. H ,0 (steam). 

126 . 980*6 litres. 
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CHAPTER XXVII 

ORGANIC COMPOUNDS 

o^amc con.pounds.-Co.pou^ds^ obtaining 

either hydrogen or ^ present chapter some 

considered m Chapter ; .Qrbon combined unth both 

important substances aescribed These include carbo- 

hydrogen and oxygen will alcohol, and organic 

hydrates (such as starch, sug ■ aerived from them, such as 

acids, together hydrocarbons not previously 

soap, explosives, and dyes. y (benzene, toluene, 

described, such as those prepared fro oils (p. rfu.ncs, 

naphthalene, anthracene , importance of all thes^ 

turpentine, etc.) are included. usually omittcKl 

materials in everyday life is evident, but they 

from elementary courses m usuallv given to 

Carbohydrates.-The name Varb<m, h^ 

a group of important compou ^ oxyg<-*n is iho sutne 

and oxygen, in which the ^ present in important foods. 

as in water- (c/. p- 403)- J. Jotton and linen), m paper. 

in many £ divided into three main groups : 

and in starch. They may oe ^ 

(1) Sugars (glucose or grape suga , 

®fc )- . u ♦cinrf h rice starch, eit -). 

(2) Starch (potato starch, of 

(3) CeUulose (forming the rna^ ^ nianunuiun d products 

branes and tissues, and of .iriiticial '■dli)- 

by cotton, linen, paper and son f(,riTiula 

Cane sugar.-This i^P°'''^"\,t‘from'the jui.es of ilu- ^ugar 

CiaHazOn, is obtained principally .(mtams about 

cane and sugar beet (Fig. 3 < 3 )- .^.incd bv cruNbitig the <ane 
.7 per cent.^f sugar, which is / ,l,i, jmc c shgluly 

between rollers to obtain the j ’ .|n^ in vacuum pans, and 

alkaline with lime, clarifying, evaporating 
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refining the crystals. The Indian cane and the preparation of a 
kind of ‘ honey ’ from its juice became known in Europe during 
the Indian conquest by Alexander the Great in 327 b.c. In 
Egypt, in 1000 a . d ., the sugar industry was highly developed. 



Sugar Beet. Sugar Cane. 

Fig. 3x3. 


That the sugar beet contained a sugar identical with that 
obtained trotn the ciine, was discovered by the German chemist 
Marggraf in 1747. The percentage of sugar in the beet was 
then about 6, hut by special methods of cultivation it has now 
been raised to from 13 to 16 per cent. In the extraction of 
sugar from the beet, the root is sliced and the sugar extracted by 
water in what is known as the diffusion process., i.e., the sugar is 
allowed to diffuse out through the cell walls of the tissue into 
water outside, whilst the non-diffusible impurities in the sap 
remain in the cells. The solution is heated with a little lime, 
and the excess of lime removed by carbon dioxide. The liquid 
is filtered, a little sulphur dioxide is added, and the clear sugar 
solution evaporated in vacuum pans and crystallised. The 
sugar is purified by decolorising with charcoal (p. 409), and 
recrystallised. The uncrystallisable residue from the cane 
juice is molasses or treacle ; that from the beet is not suitable 
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,0. food, but since i. is rich ".b"'- 

up for use as a fertiliser. -_oi ."rum is a spirit obtained 

merited for the production of akol : j, ^ Treac le con- 
from molasses by fermentation ^^d ‘ 

tains about 45 per 'uHrucui^e {// n ) ‘tnd S per . ent. of 

each of the sugars glucose and tructo^c Uj t 

mineral matter. 



Fm. 3>-t— ^ , 

fhen cane su«ar is b'n-d- 

ling an amorphous glass of ^ .cmeitid 

ted at about 2oo° car«iiu‘l. ^ 

) a deep brown, soluble mas> . . ,ug.n- '\V'. 'M'- 

ps. etc. When heated ^ .■ idn. ■ : ' 

irs, and evolves gases and ^^at(r. .^^^ ,iiluu- 

,Vhen cane sugar is boiled ^ in di • -I;- '' '* 'J 

d, it takes up the elements of ^^at . and 

xiure of two simpler isomem sugar 
ctose : r' w f) * HoO = ^ ' i/ ^ 

CjzH^oO,, 1 ^ ‘ fructose 


invert sugar 


F.U.C. 
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The hydrogen ion of the acid acts as a catalyst. The mixture 
of glucose and fructose is called inyert sugar because the solution 
now rotates the plane of polarised light to the left, whereas cane 
sugar rotates it to the right (p. 514). Cane sugar is generally 
called sucrose in chemistry ; all sugars have chemical names 
ending in -ose. 

Glucose. —This sugar, CgHjjOg. which is sometimes called 
grape sugar because it occurs in grapes (and in other ripe fruits), 



Fig. 3t5.— V.vri;fM P\s fvaporating Sugar Cane Juice 

TO I'lifAiN K\\v Sugar. 


IS present in hnn.-v, u.^nhvr with fructose. When honey, which 
IS at hr.st lujuid i> (0 ^tand the glucose gradually cr\’stal- 

hses and the bout y ■ •t,/ (llucosc cry.stallises with much 
greater difficulty th.ui r.ine .su^ar ; fructose is still more difficult 
to cr>’stallise and remains liquid in the honev when most of the 
glucose ha.s crystallised 01:1. 


Cilucose is manufactured on ilv large scale for use in jams, etc. 
(although It is not so sweet as rant sugar), by boiling starch \nth 
a dilute acid, when hydrolysis oct urs : 


= CeHj20^. 
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The acid is neutralised and the liquid evaporated, "'he‘| a hard 
crystalline mass of glucose is obtained. A liquid 5°>“'>on com 
taining glucose and dextrin manufactured on the g 

scale in America, is known as ^orn syrup. fr„rtose is 

Glucose is abnormally present in urine m ^ 

manufactured for use by diabetic patients in 

by heating imilin. a starch present in dahlia tubers and c y 

roots, with dilute acid. ^ ,t /-v -.e ■ it 

Mii sugar, or lactose, + H, 0 , occurs 

is much iLs soluble and less sweet than 

in feeding infants. Maltose, „ upon 

lactose, is formed by the action of the rpfore formed in 

starch in the germination of gram, and - 'here^e formed^m 

malt Rafflnose, CieH32tJ,fl + 5^2'-'’ 

abundant of all foods obtain^ from plants 

is starch. It occurs in all green '\ied 

seeds of grains and in potato tubers. f liquid runs 

in a linen bag and kneaded with water, a .jekv mass of 
through, which on settling deposits starch, > die 

gluten, a protein (p. 404). containing m roge - ^ 

bag. Rasped potatoes when ^tlrrcd up \m 

milky liquid containing starch. .w-rordina to the 

Various kinds of starch are distinguished 
source, e.g., wheat, maize, rice and potato stanh. Kuc 



is mostly used for laundry work; maze ^ 

The varieties of starch are distinguishable under ^ . 5 

(Fig ti 6 ) • rice starch forms the MnalleM granules (1,3000 in.) 
and poll' smreh .he largcM (1/300 -d- Sl.in 1 gr.in^ 

insoluble in cold water, but in hot water tht> swt j * - 

and the starch forms a colloidal solution. is g ^ 
colour with iodine, which also stains stan h granules, t.^.. 
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plant cells. The empirical fonnula of starch is CeHmOs but the 
molecule is more complex. When heated at about 210 , or 
when moistened with very dilute nitric acid, dried, and heated 
at 100*125®, starch is converted into dextrin, with the same 
empirical formula as starch, but soluble in cold water to form 
a thick gummy solution {^British gum). The gloss on starched 
and ironed linen is due to the formation of a layer of dextrin. 
There seem to be several kinds of dextrin, coloured blue, or red, 
or not coloured at all, by iodine. Starch foods are probably 
partly converted into dextrins on cooking. 

Natural gums are closely related to dextrins ; for example 
arable^ an exudation from tropical acacias, is principally the 
calcium and potassium salts of arabic acid, which has the formula 
C12H22O11. Another similar substance found in fruits is pectin : 
this causes the gelatinisation of fruit juices {e.g.y red currant jelly). 
Pectic substances are also present in several algae and lichens. 

Unripe fruits contain protopectin (or pectinogen), which gives 
them rigidity. As the fruit ripens, an enzyme, pectosinase, hydro- 
lyses the protopectin into pectin and a cellulose. Boiling with 
water or dilute acids causes the same change. Pectin is soluble 
in water, giving a colloidal solution ; in the presence of sugar 
and some acid (present in fruit juices), it forms a jelly. Pectin 
is found in all vegetable tissues, particularly in fruits and in 
turnips, carrots and sugar beets. The value of a fruit for jam- 
making depends on its pectin content. Large quantities of 
pectin are manufactured from sugar beet residues, from the 
inner peel of lemons and oranges and from apple waste. 
Pectins have a certain food value when in association with 
proteins and fat. Pectin is the methyl ester (p. 518) of pectic 
acid, which is formed from it by a process of hydolysis in over- 
ripe fruits or bv heating pectin solutions at a high temperature. 
It does not form a jelly. 

Agar and Irish moss contain calcium salts of an organic ester 
of sulphuric acid. Iceland moss is a very complicated mixture 
of substances. Algin, obtained from seaweed (p. 335), consists 
chiefly of an insoluble alginic acid, the antimony salt of which 
can be used to presen’e fabrics against moths. Other salts^are 
used in waterproofing. Norgine is a commercial algin ; when 
treated with formaldehyde vapour it yields a product insoluble 
in boiling water. 

In bread-making the wheat flour is ntixed with water, a little 
salt (mashed potatoes are sometimes added), and a little yeast 
On standing in a warm place the small amount of sugar 
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present in the flour is fermented and bubbles of carbon d'o^de 
Le formed inflating the dough and rendering it porous. The 
gluten in the flour becomes softened and 

The mass is kneaded to press out some gas, d.v ded m.o loaves 
and baked The porous character is preser\ed. ."f. 

kiUs the yeast and stops the fermentation, 

alcohol formed in the fermentation escapes. Part of the star 

-^i::;?rrtnroXrr^j T^£^n;:s 

"Tolr Lt^lfbe b“ whh' chloH^e^irrogen peroxide, 
ioor ^ i ^ not make satisfactory bread, 

Sm"p=-tr;tded:cons‘i ting of calciurn phosphate, po.as 
Siam and ammonium persulphates or benzo> I peroxide^ A ^ 
is not often used in England but it of 

permissible iri America. foaium bicarbona 

flour and baking powder, m .. flou t-rcam of tartar, acid 

an acidic substance, such as tartanc ' nvrouho'^pluite, 

phosphate of potassium or calcium, acd sodium P^ophosphau 

and, occasionally, acid sodium su p la e^ • j.-ijj,i,ind it 

appears to be used as the acidic " ’ irmcrcly 

would be regarded as deleterious. ( hK * whe it llour rve 
baking-powder coloured yellovv). “ ' o nuke 

is largely used in Germany ; Indian corn n cal ( oc^ not 

good bread. Oatmeal and rice of several 

Sago is a starch obtained ^ I i the Philippine 

species of palm growing m the priHliict 

iLnds, and parts of India. I>'^oit. 

l7f=^fr:^:r;;:irofa« 

Glycogen, or animal starch, is a colourless amorphou. 
present in the livers of mammals (])• 553)- 

Cellulose.— The .walls of young cells of plants 
mainly of the carbohydrate cellulose wdiu h . , [ 

starch! (C.H,oO.),, cJZ 

boiling water and m being indigestible (b I . t>af>^r 

and flax are almost entirely cellulose (Fig. 3 0). hltcr/^/er 

is nearly pure cellulose. 
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Paper. — In woody fibre the cellulose exists in combina- 
tion with lignin, C19H22O9 ; in flax the cellulose is com- 
bined with pectin. From woody fibre the lignin is dissolved 
out by certain reagents, leaving the cellulose, which is made 
into paper. The wood is chopped or ground and boiled 
(‘ cooked ’) with caustic soda solution, or mpre usually for 
cheap paper with solutions of calcium bisulphite, Ca(HS03)2, 
or a mixture of sodium sulphide, Na2S, and sodium sul- 
phate. The lignin and other constituents are removed and a 

pulp of cellulose remains, which 
is washed and bleached with 
sodium hypochlorite or bleach- 
ing powder solution without the 
addition of acid. If intended for 
writing paper, the pulp is sized 
by adding rosin soap and alum, 
which form an insoluble alumi- 
nium resinate which becomes 
glossy on hot-rolling. Gypsum, 
china clay, or other white in- 
soluble substances are added as 
‘ fillers ’ or ‘ loaders,’ and a 
smooth surface may also be pro- 
Fig. 317. — Section OF A Cotton duced by casein, a protein ob- 

tained from milk The 

pulp is then formed into sheets by special machinery, and these 
sheets are passed through hot rollers. The finest quality of 
paper is the old-fashioned kind produced from the cellulose of 
linen rags. 



Paper is also made from esparto grass, straw, and bamboo. 
Much modern paper is of very inferior quality and raw wood 
pulp is sometimes used to make a very poor paper. The oldest 
kind of paper is the Egyptian papyrus, formed from the sliced 
stems of the papyrus plant {Cyperus papyrus), gummed together 
in two layers with the sections at right angles. It was in use at 
least as early as the Third Dymasty (2900 B.C.), although the 
oldest actual specimen is of the Eleventh Dynasty (2000 b.c.). 
The writing was done with a carbon ink with reed pens. 
Papyrus was also used by the Greeks and Romans, who used 
metal pens (not split) : quill pens are first mentioned by Isidore 
of Seville (630 a.d.). 


CELLULOSE 




Cotton or cellulose is insoluble in a boiling solution of caustic 
soda, whilst wool (p. 50O dissolves. If a piece of ; shoddv 
is boiled with soda, the wool dissolves and any cotton will remain. 

Whilst cellulose is resistant to enzymes (natural lermcnts), 
an anaerobic organism in the soil decomposes it rapidly, and 
this fact has been utilised in the production of artificial farmyard 
manure from garden refuse to which nitrogenous matter has 

Cellulose products.— A concentrated solution of caustic soda 
in the cold converts cotton into mercerised cotton (invented by 
John Mercer in 1844). which is lustrous like silk and more ea.Mly 

dyed than ordinary cellulose. 

The natural cotton fibre is 
flat, like a ribbon (Fig. 3 « 7 )> 
whilst the fibres of silk and of 
mercerised cotton are cylin- 
drical and reflect light more 
easily, hence they appear 
lustrous (Fig. 318). Mercer- 
ised cotton contains cellulose 
hydrate . 

When treated with cold 
concentrated sulphuric acid, 
cellulose is not charred but 
forms a pulpy mass and 
gradually dissolves. 'I he 
solution on dilution and 

boiling yields glucose. T he 
cellulose' is more easily dissolve.! by v.p' , concentrated by. Ir,,- 
chloric acid. From Rlucose, alcohol is obtained by fernunt .t n 
(?.».) and this process may be important m the lut.ire lor the 

production of power alcohol. 

When sheets of paper are passed through <<dtl sli^htlv 
diluted sulphuric acid and then washed, parchment Paper i- 
formed. This is impervious and is used for tjing o\t. j. 
jars. etc. It consists of cellulose c overed with a superhc lal l.i>c r 

°^SceUulose is produced by treating cellulose (coltcjn) with 

a mixture of concentrated nitric- and sulphuric ac ld^. “ ^ 

a nitro-compound (containing tlie radical ,^^2^ . n 1 ’ 

or ceUulose Uter. containing the group -NO,: it is ceUulcse 
nitrate. Gun cotton, discovered by Schonbein m 1K45. 
variety : it is insoluble in a mixture of alcohol and ether, but 



Eio. 318 . — Merceriseo Cotton. 
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another nitrocellulose called collodion cotton is soluble, and the 
viscous solution, called collodion^ is used in surgery l^cause it 
leaves by evaporation a thin waterproof film on any surface. A 
mixture of collodion cotton and camphor pressed into moulds 
is celluloid : it is very inflammable and burns fiercely on ignition, 
even under water, since the material contains all the oxygen 
requisite for combustion, in the form of NO3 groups. 
cellulose explosives, and nitrocellulose lacquers will be described 
later. Other important cellulose derivatives are the different 

varieties of artificial silk. 

Artificial silk.— There are several varieties of this, all quite 

different from real silk : » • i. 

(i) Viscose silk : mercerised wood cellulose when treated wth 
carbon disulphide forms a compound called cellulose xanthate, 
which dissolves in alkali to form a solution kno\\Ti as wcose. 
Thi^ solution is squirted under pressure into an acid solution, 
when a thread of cellulose is precipitated. Viscose silk is, 
therefore, a cellulose fibre. It is resistant to alkalies, so that 
it can be woven together with unbleached cotton and the fabric 

bleached and dyed in the piece. 

(ii) Cuprammonium ceUulose ; cotton dissolves in tne aeep 
blue solution formed by dissolving cupric oxide in a^onia. 
On squirting into dilute acid, the solution deposits a thread ol 
cellulose. This process is not very much used, but the so uUon 
is used in wiucrproofing canvas, an impervious layer of cellulose 
being deposited on the porous fabric. Canvas so treated is also 

less liable to rot. . , , j 

(iii) Nitrocellulose is dissolved in alcohol and ether and the 

solution squirted into water. The nitrocellulose thread is 
‘ denitrated.’ or converted into cellulose, by treatment with a 

reducing ag<‘nt, such as ammonium sulphide. 

(iv) Cellulose aceute, a cellulose ester also used as aeroplane 
wing dope, is obtained by acting on cellulose with acetic anhy- 
dride and acetic acid, and the solution in acetone is squirted 
into warm dry air. Acetate silk was formerly difficult to 
live, but it may now be dyed by special methods in vanous 

colours. 

'I'he artificial silk industry has reached enonnous proportions 

in recent vears. , 

By mixing cellulose acetate with camphor or camphor 

substitutes, a substitute for celluloid (in turn a substitute for 

ivorv), called cellon, is obtained, which has the valuable property 
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of being non-inflammable. It is more elastic than celluloid and 
is used in making bristles for hair brushes, for the production 

of imitation horse-hair, and 
of non-inflammable cinema- 
tograph films. In the form 
of a viscous solution it is 
used as a varnish for wood, 
paper, and metal, for ena- 
melling aeroplanes and as 
an electric insulator. Nitro- 
cellulose when mixed with 
linseed oil and spread on 
cotton fabric, yields an ‘ arti- 
ficial leather,’ which may be 
passed through emhossetl 
rollers to give it a grain. It 
is largely used for furniture 
and motor-car upholstery n^ 

‘ rexine,’ etc. 

Silk and wool. — True silk . . . , , . ,i 

is a different material altogether froni arti ^ . True 

lu.tcr is no. .eally a «oo.l V," Aiu- ‘ miIw > > 

silk in the natural state, as spu. hv ■„ ,,, ,0,, 

a double fibre of a substance talleil fibro.n, a |.r. u m ^ 404 . 

<cnHnltcl to^fllMT uno um 

thread by a gummy material 

raliill scricin. 1 
i> boiled with soap, when 
the >eru m dls'-ol'c^ and the 
two libroin tlu<^»d^ separate 
( 1 -ig. great 

afVmilv for metallit >;ills, ami 
sin.e it i- "old bv weight it 
is uMiallv treat<(l with sueh 
things a> tin pliosphate. 
Hliu k silk may contain tour 
times as mu« li nu tal salt a> 
silk. 'Ihe '.trength of the 
silk is impairi'd by this treaty 
inent, wlii« h is a misuse of 
chetni'trv. 

Wool is chiefly composed of fibres of a protein kera^n. 

which is also the principal constituent of horn, daws, nail., 



Fig. 320. — Wool Fibre. 
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feathers, and hair (Fig. 320). It contains fairly large amounts 
(up to s per cent.) of sulphur. CWtm is a protein constituent 
of the shells of lobsters, crabs, and beetles : its form Ja is 
CjoHmOisN,. Mucia is a protein wWch gives the viscous 
chararterto saliva and other body fluids : it occms in large 
quanuties in snails, although several vaneUes exist, and its 

composition is rather indefinite. ^ ^ . 

The preservation of timber. — This is earned out by unpreg- 
nating the wood with antiseptic liquids which prevent the action 
of bacteria in bringing about decay. Various substances ^ 
tar oils, creosote (containing phenol and cresols, p. 523), mercuric 
chloride, copper sulphate, and fluorine compounds (sodium 
fluoride, etc.), are all in use. and the substance may be forced 
into the material of the wood by exposure to vacuum followed 


by pressure. _ r 1 

Alcohol. — Common alcohol is one of a group of s^eral 

substances all of which contain the hydroxyl group, -OH, in 
combination with the radical of a hydrocarbon. The simplest 
alcohol is methyl alcohol. When methane is treated with 
chlorine, substitution occurs (p. 439) and methyl chloride, con- 
taining the radical methyl, - CH3, in combination with chlorine, 

is formed : ^ ^ ^ 


When methyl chloride is boiled with caustic soda solution, the 
chlorine is replaced by the hydroxyl group and methyl alcohol 

IS formed ; CH3CI + NaOH = CH3OH + NaCI. 


Common alcohol is ethyl alcohol, CoH^OH, the ethyl 
C2H3, being derived from the hydrocarbon ethane, CaHg. The 
OH group in alcohols is not ionisable, so that they do not behave 
as bases. Glycerin is also an alcohol, but it contains three 
hydroxyl groups : it is derived from the hydrocarbon propane, 
CaHg, and is C3H5(OH)3 ; its correct name is glycerol, the 
ending -ol denoting an alcohol.. 

The oldest known alcohol, ethyl alcohol, which is usually 
simply called ‘ alcohol,’ or ‘ spirit of wine,’ is contained 
in fermented liquors, such as wine and beer, and may be 
obtained from them by fractional distillation. Brandy is so 
obtained from wine. Alcohol is obtained for industrial pur- 
poses by the fermentation of glucose by means of yeast. 
The reaction is : 


QHisOe = 2C2H50H + 2CO2, 
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although it almost certainly takes place in stages (p 509 . and 
small quantities of other substances, such as amyl alcoho {Justl 
oil giving bad whisky its deleterious properties) arc also pro- 
duced The carbon dioxide is evolved in bubbles from tlje 
mass of the liquid, and the name fermentation is 
the L.3.\:m fervere, to boil : the name yeast is said to be den cd 

from a Teutonic root to froth. 

Molasses mav be fermented to yield a distilled product, rum 
and considerable quantities of industrial alcohol 
from starch, in the form of gram, potatoes, etc. J^e sta h 
mav be converted into maltose and dextrin b\ mashing the 
mtLrUI m a pulp and adding malt which ,.s made « 

moist barley to sprout and then drying m kilns. Tlu m, i 

contains an enzyme (a catalyst produced by a ‘j' "’c 
called diastase, or amylase, which causes starch to add on the 

elements of water to form a sugar . 

CgHioOs + HoO = t\H,.,Oe. 

When the diastase has completed its work. 

enzyme, zymase, is added in the form o yeast, and this ton 
verts the sugar into alcohol and carbon dioxide 

Enzyt^s^Yeast consist o. ,nunu,e m „ g ,^nt _ctl.s w In 

secrete the enzyme zymase, t am 
than glucose, because it must lir>t 
be hydrolysed to glucose and 
fructose {invert sugar, q.v) by 
another enzyme in yeast, vu. 
sucrase (or inverlase). The invert 
sugar is then fermented hy the 
zymase. 

Milk sugar cannot be fermented 
at all by yeast, but enzymes in 
bacilli present in milk will convert 
it into lactic acid, which is the acul 
present in sour milk, ferments 
in micro-organisms contained in 
cheese will convert milk sugar into 
butyric acid, to which the unplea>ant 
odour and taste of rancid butter 

"u ^^peai. as a^o-^I^Sn onh.; m 

require promomrs (p. y„) : 
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the inactive form of the enzyme is often, called a zymogen > 
it may sometimes be activated by acids or alkalies, or some- 
times requires the action of a co-e^yme called a kinase. Pep- 
sinogen is activated into pepsin by hydrochloric acid 
(P- 55 *) > trypsinogen is activated by enterokinase (p. 553 )- 
Rennin (p. 544) is secreted as a zymogen and activated by 

hydrochloric acid. , . u • 

Enzymes differ from ordinary inorgamc catalysts in being 

gradually destroyed in their action (perhaps by other enzymes 
or similar substances), in being rendered inactive by too high a 
temperature (above 5^^ usually) and also sometimes by the 
products of their action, and in being more specific ; an enzyme 
usually catalyses only one particular reaction. 

The modern view that the catalytic activity of all organisms 
U-g-y yeast cells) is due to secreted enzymes is due to Moritz 
Traube in 185S. Pasteur, on the contrary, suggested, and 
vigorously maintained, that fermentation is indissolubly con- 
nected with the life-process of the organism : ‘ no fermentation 
without life.’ In some cases the enzyme, after being elaborated 
in the organism, is excreted from it, but in others in the 
zymase of yeast) it remains in the cell, where it produces the 

chemical change. _ , r r 

Enzymes are numerous : a recent treatise gives a hst of 
sixty-one enzymes existing in animal and vegetable tissues and 
many of them occur in several modifications. Enzymes are 
nitrogenous substances of a colloidal nature, not necessarily 
proteins, but resembling them. They readily adsorb other 
substances and are themselves adsorbed by solids ; their 
chemical nature is still obscure. 

Willstatter thinks the molecule of an enzyme consists of a 
colloidal carrier and a purely chemically active group. The 
nature of the carrier is variable, since it is possible to separate 
each enzyme from the chemically defined colloidal companion 
without loss of activity. Nevertheless, it is not yet possible 
completely to separate the chemically active groups from the 
protective colloid without loss of activity. 

Recently a ‘ new ’ method of converting starch into sugar, 
anti thence into alcohol, which does not require the use of malt 
diastase, has been used, called the amy/o process. It has really 
been used in China from very early times : * Chinese yept ’ 

contains a mould, Mucor rouxii, which (mixed with various 
materials) is sold as »i:gen or men. In the process as now 
carried out chiefly in France, but to a less extent also in Spain, 
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Italy, and America, the moulds Rhizopus dekmar and Mucor 
boulard are used. The starchy material (rice, pot.iioes. etc.) 
is steeped in water, -elalinised by heating with .team and he 
mash treated with the spores of the mould. (,rowtli occurs 
rapidly and in a few hours yeast is added so that the production 
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of sugar by the mould and it. 
simultaneously. 

Manufacture of alcohol, 
fermentation is convertc-d 
distillation. An early tyja- ol 
At the present day in (jreat 


fcrim nialion by the 


vea.t proceed 


The weak alcohol obtaincil \>y 
into strong aleohol by fractional 
ak'ohol still i. shown in 1-ig. 
britain the Coffey still is used lor 
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this purpose (Fig. 323). It consists of two columns, A and 
called the analyser and the rectifier, respectively, diWded into 
compartments by shelves with perforations fitted with valves 
opening downwards, and pipes with the upper end of each an 
inch or two above the plate so as to retain a thin layer of liquid 
upon it and dipping at the lower end into a shallow pan on the 



shelf below. Between each compartment and the next is a bend 
of a long zig-zag pipe, nnn\ one end of which is connected wnth 
a pump, w. delivering the fermented liquor which flows over 
the compartments aaa. Steam is admitted to the analyser at d 
and heats the wash, all the alcohol in which is driven out by 
the time the spent wash runs out at the bottom at ef. The 
vapour of alcohol and water enters the rectifier at g. The 
strong alcohol vapour passes from to a condenser where the 
spirit is liquefied. The weak alcohol flows from B to the pump h, 
which delivers it to the column A. 
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The strongest commercial alcohol (about 99 per cent.) is called 
absolute alcohol. In order to make industrial alcohol unfit for 
drinking it is methylated by adding crude wood spirit, contain- 
ing the poisonous methyl alcohol {g v.') and other nauseous 
ingredients which are very difficult to separate. 

In England there are two kinds of methylated spirit : {a) 
mineralised methylated spirit, sold for general use, which is 
coloured and contains not less than lo per cent, by volume of 
wood naphtha (crude methyl alcohol) and in addition not less 
than 0*375 per cent, by volume of mineral naphtha (petroleum 
of specific gravity not less than o*8) ; and (^) industrial 
methylated spirit, which is used for manufacturing purposes 
and contains not less than 5 per cent, of wood naphtha 1 he 
wood naphtha must be sufficiently nauseous to prevent the use 

of the spirit for drinking purposes. 

A wine of medium strength may contain 8.1 to 10 per cent, 
of alcohol, port wine 15 to 20 per cent., sherry up to 21 per cent. 
Lager or mild ale contains 3 to 5 per cent., stronp-r ale 5 to 9 
per cent., of alcohol. Varieties ot brandy and N|Mrn> ma> 
contain to 40 per cent, of alcohol, cognac 50 per cent, or 
more. The strengths of alcoholic liquors lor revenue purposes, 
however, are usually expressed in an aniuiuaied manner in 
terms of the content of ^ proof spirit . containing 49 ? 
cent, by weight of alcohol ; a spirit 25 overproot is siu h iha 
100 volumes diluted with water yield 125 noIuhhs o proo 
spirit; whilst one 25'’ under prod i> mi. h that it con an - 
in 100 volumes 75 volumes of proof spirit. I he string 1 s 
determined from the specific gravity found by means of a 

hydrometer. . . , i 

Alcohol is principally used as a solvent, but it imiy also bi 

used, especially when mixed with beruene. as a fuel for motor 

engines. Small amounts arc used •*. •y'-'*; ‘.'‘'’v ■ i* 
cooking, sometimes in the form of ' solidified alcoh«)l - " ^ 

produced by adding cellulose esters or soap.> to alto 10 

Ethyl alcohol is an example of a primary f ; 

contains the group -CHjOH. A secondary .//reWJias d . 
group =CH*OH, and a tertiary alcohol the group < t)H 

CHa-CHgOH (CH3),rHOH 

ethyl alcohol /^<?propyl alcohol 


(CM,)./ -OH 
tertiary butyl alcohol 


Methjl alcohol, CH3OH, is present in 
obtained by distilling wood in retorts. 


wood spin', which i> 
Charcoal, wood tar 
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(which contains some valuable antiseptics), and a watery liquid 
containing acetic acid, acetone (which is used as a solvent) and 
methyl alcohol are formed. This watery Uquid is caUed 
pyroligneous acid. An important synthetic process for the 
production of methyl alcohol, by passing a mixture of carbon 
monoxide and hydrogen (water gas, q.v:) under high pressure 
over a catalyst such as zinc oxide, has recently been developed 
on the large scale by Patart in France : 

C0 + 2H, = CH 30 H. 


Methyl alcohol is principally used as a solvent for resins, etc., 
in making varnishes. It is poisonous and produces blmdness. 
Deaths have been caused by drinking methylated spirit. 

Ether. — Common ether, (C2Hs)20, is diethyl oxide, related to 
alcohol in the same way as sodium oxide to sodium hydroxide : 



n'IIo 



QHA 

CJl-J 

water 

sed^um 

alcohol 

sodium 

ether 

hydroxide 


oxide 



Ether is prepared by heating a mixture of alcohol and concen- 
trated sulphuric acid at 140° and running in alcohol. It distils 
over and is purified bv washing with water, drying over calcium 
chloride, and redistilling. Ether is a very volatile, mobile 
liquid, with a very strong pleasant (^our (‘ethereal odour ). 
The vapour is very inflammable. It is used as an anaesthetic. 
The liquid is used as a solvent for oils, fats, and resins, chiefly 
in pharmacy, and a mixture of ether and alcohol is used as a 

solvent for nitrocellulose (p. 499). . -j 

Fermentation. — The production of alcohol and carbon dioxide 
from sugar by the action of yeast is one example of an important 
group of similar reactions. Pasteur, who showed that the 
fermentation of sugar is associated with the living yeast plan^ 
and that in the souring of milk, the milk sugar is converted 
into lactic acid bv a bacillus (which acts similarly on glucose), 
considered, as has been stated, that all cases of fermentation 
were brought about by living organisms ; ‘ la fermentation est 
le r^suUat de la vie sans air.’ Even in his day. however, fermen- 
tation processes occurring without living organisms were known, 
viz., the conversion of starch into sugar by diastase, roughly 
isolated bv Payen and Persoz in 1833 ; the splitting of a sub- 
stance, amygdalin, in bitter almonds into glucose, benzaldehyde 
(' oil of bitter almonds ’) and hydrocyanic acid by a non-living 
(unorganised) ferment called emiilsm, present in the almonds, 
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and recognised by Liebig and Wohler in .83^ ; ‘h" .digesdon of 
DFoteins by the pepsin of the gastric juice (recognised b) Lbcr 
^d Schwann in .836) ; and the split.mg of cane sugar by 

'“Traube’s theory' of fermentation assumes that even when 

living organisms 'bring about the change, “ 
which they secrete which are the active agen s, “"d ^ 

theorv in its narrow form is now abandoned Ferments are 
chemTcal agents, caht/vr/r, which initiate and t-eruun 

definite chemical reactions. The modern theor> was accepted 
chiefly as a result of experiments of Biuhncr in ihg, . 
sWvJd that when yeast c^ells were dif 

and nressure a juice was obtained which brouglit about »'< ^ 

?ermSn (because it contained the enzymes secreted b> ,1 k 

’'iSt'r wld. rndhliri^i-tts. verv small amounls 

of ferments will bring about the alteration 7''> (\\i;JV'beco, e 
of the substances on which they ac, but m the ^ ' 

inactive. They are readily -n/rcMcrf from « ^ 

sal t 'anTarrTndered inactive a. -"l-.-np « ^ 
wheA in solution but in the dry state are sttll aettc. 

heating to I 30*- 1 50°, z-.,yK- in nre'^ence 

ThActivity of the fennent A Mka- 

of a coenzyme (p. 503). and of aci . ^.vinasc Harden ha-^ 

linity (e.g.^ with trypsin): in the i- pltos- 

shown that a phosphate is also rctjuisite, a . ^ I cVinents 

phatc-containing material " vegetable and 

bringing about oxidation, oxidases, art ,vhi( h 

rapidly decomposes hydrogen ptroxK . < di'infe< ting a 

cenceVoduced when this substance ^he 

bruised part of the skin, or a wound. H; ^ ^ 
enzymes diastase, maltase, and of splitting 

Yeast contains an enzyme, 
off carbon dioxide from pyruvK atni. ^ ^ ' 

CH3.C0.C0.,H==CH,.CH0.<0.,. 

and the aldehyde may then he reduced to alcohol by a reduemt 
enzyme, reductase, in the yeast : , 

CHaCHO * zH =CH3 . 

The conversion of the glucose into pyruvic acid is a 

link. 
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Acetone ; aldehydes. — Methyl alcohol, an organic acid, 
viz. acetic acid, and a neutral substance called acetone, 
CHg . CO . CHg, are produced by the distillation of wood 
(p. 407). Acetone is what is called a ketone, containing the 
carbonyl group, - CO - , in combination with two radicals. 

Acetone and normal butyl alcohol, C3H7 . CHjOH, are 
made for use as solvents for nitrocellulose by the Weizmann 
process. In this, a mash prepared from grain is sterilised, 
inoculatccf with a culture of Bacillus granulobacier^ and fer- 
mented. Hydrogen and carbon dioxide are evolved, and a 
mixture of acetone and about twice its weight of butyl alcohol 
is obtained by distillation. Recently, synthetic butyl alcohol 
obtained from acetylene has come into the market from Germany. 
Acetone is also made by distilling calcium acetate, so that 
acetic acid may be converted into acetone. 

Alcohol on oxidation yields acetic acid, CH3COOH 
but the process may be arrested at an intermediate stage, viz. 
the substance acetaldehyde, CH3CHO : 

alcohol CHgCHoOH-^aldehyde CH3CHO 

->acetic acid CH3COOH. 

When methyl alcohol vapour and air are passed over heated 
copper, oxidation occurs, and formaldehyde, H . CHO, is produced 

CH3OH + O = H . CHO -H HoO. 

It contains the characteristic aldehyde group, -CHO, also 
present in acetaldehyde, which is obtained by oxidising ethyl 
alcohol with sulphuric acid and potassium dichromate, and is 
also present in the first fractions in the manufacture of alcohol 
(p. 505). Aldehydes are easily oxidised to the corresponding 
acids {e.g., formic and acetic acids). 

Formaldehyde, also known as formalin, is used in solution 
as an antiseptic. From formaldehyde and phenol (‘ carbolic 
acid ’) or similar substances (metacresol, xylenol, etc.), sub- 
jected to chemical interaction, a synthetic resin or ‘ plastic ’ 
with the trade name ‘ Bakelite ’ is produced. By heat treatment 
of a mixture of the resin, incorporated with fillers such as wood 
fiour, and colouring matter, under pressure, a rigid, infusible 
moulding is formed, which is insoluble (except in alkalies) and 
is an electric insulator. Other synthetic resins are made from 
formaldehyde and urea CO(NH2)2 or thiourea CS(NH2)2. 
Other types of plastics are described on pp. 538 and 545. ‘ Duro- 
prene ’ is a chlorinated rubber product, the solution of which in 
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benzene and naphtha is used as a va^ni^h : on evaporation it 
leaves a resistant tilm not attacked by acids, alkahe^, alcohol. 

Nitrocellulose lacquers.— Butyl alcohol, obtained as described 
above, is used along with other solvents in the preparation ol 
nitrocellulose lacquers, which are essentia ly solution> ol niir > 
cellulose in organic solvents together with pigrnem^ and sub- 
stances which confer plasticity and prevent too rapid dr\ing. 

In order to produce a solution whi( h is not too vi>cmi>. a >i.i( lal 
type of nitrocellulose is u>ed. which diS>olvcd. ‘ 

gums or resins of various types, to produce the ^o-called/.i z- ,u 
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This is especially vahialde lyr the Melluf.c^ 

of motor-cars, and in and to some cMciu 

proof against battery acid, pitrm * • <,thcr le-c- 

Lgainst abrasion caused by nu.d or d, s 
arc being found daily for tins tmidi , in. . 1. 
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discovered in red ants {^Formica rufd) by Samuel Fisher, whose 
experiments were reported by John Ray in the Philosophical 
Transactions for 1671. Fisher also prepared lead formate. 
Formic acid is present in some caterpillars, in bee and ^yasp 
stings, and in stinging nettles. Its sodium salt^ is obtained 
technically by a process discovered by Berthelot in 1855, viz. 
by passing carbon monoxide over heated caustic soda or soda 


lime : 


CO + NaOH = H . COOXa. 


i 


Acetic acid, CH^COOH, is usually made by the distillation of 
wood, or by synthesis from acetylene (p. 510). It is present in 

vinegar, obtained by the oxidation of 
dilute alcohol, such as beer and wine, in 
presence of air and an organism called 
Mycoderma acetiy a low form of plant 
which grows on the surface of the liquid. 

Wine vinegar is made in France by 
adding wine to a certain amount of 
strong vinegar in large oak casks pro- 
vided with openings to admit air and 
allowing to stand for some days at 25® C. 
In some cases the cask has a wooden 
grating on which vine cuttings, stalks, 
etc., are placed so as to expose a large 
surface for the growth of the ferment. 

Section of making malt vinegar, a wort, which 
iNEGAR AT. prepared from malt and grain, is 

fermented with yeast to produce weak alcohol at a rather higher 
temperature than is used in making beer. The alcoholic liquid, 
called gylCy is acetified (' quick vinegar process ’) in a large vat 
with a perforated shelf upon which rest beech shavings, twigs, 
or basket work, air entering through holes just above the liquid 
and escaping through small holes in the top of the vat. The p^lc 
is circulated through the vat by sprinkling it over the shavings 
and raising it again by pumps. The vinegar is allowed to stand 
for some time to clarify it, and is then filtered. Vinegar con- 
tains about 5 per cent, of acetic acid. Vinegar is also made by 
the acctification of cider. 



Concentrated acetic acid, which is obtained from pyroligneous 
acid (p. 408) by adding milk of lime and distilling the calcium 
acetate with sulphuric acid, is a liquid of very strong acid smell, 
which freezes in cold weather and is therefore called glacial 
acetic acid. 
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Oralic acid, (COOH)^, i'> ‘‘ 

A 1 . 


,1,1, »M.- a< i(i ; til'- 

Uc acid. IGiMMUo. ■• ' ''•* ' . i,hf.„,-h l.inuns (Oiiiain 

alt, KH(\ 0 „ called sa/^ "f ? , s umhI in re.nov 

lo oxalic acid), whi( h o(-(urs in ^^oo< --o ' ' in crystals 

ng ir^k stains. Calcium oxaUtc < ^ 

raphides) in some plant . „„|ution is added to a 

>recipitatc when ammonium oxalate • OkuHc acid is 

solution of a calcium salt {Usf for caLrunn. Oxalu 


By elimination of the elements of water from molecules 
of acetic acid, acetic anhydride, (_'H:,(.O.O.CO.CH3, is orme 

CH3CO OH + H 00C<"H3 = (CIl3<^0).,0* H.O. 

It is a liquid with a very irritating odour, u^ed in making some 
kinds of artificial .-'ilk (p. 500). 
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made on the large scale by heating sawdust with caustic pot^h, 
when the cellulose is oxidised, hydrogen is evolved, and potassium 
oxalate is formed. 

TarUric acid, C4H60e, separates from grape juice durag 
fermentation into wine in the form of the crude acid potassium 
salt, argol, which when purified forms cream of tartar^ 
KHC4H4O6. The acid is prepared from this by precipitating 
the calcium salt and decomposing it with sulphuric acid. It is 
used in making baking-powder, effervescent drinks (with sodium 
bicarbonate), etc. Citric acid is found in many fruits with 
malic acid (occurring in apples) and tartaric acid, but occurs 
especially in lemon juice, which contains 6 per cent, of it. Un- 
like tartaric acid, it does not easily char on heating. A granular 
mixture of sodium bicarbonate, citric acid, sugar, and a little 
magnesium salt is sold as effervescent citrate of magnesia. 
Ferric ammonium citrate, used in medicine, forms red scales. 

Benzoic acid, CgHjCOaH, is derived from benzene (p. 522) 
and is present in gum benzoin. It is prepared by synthetic 
methods. 


Optical activity. — Solutions of tartaric acid show the very 
interesting property of optical activity : they rotate the plane of 

polarisation of light. 

In a ray of light there are 
j ff-- I ^ ' vibrations at right angles to 
\1/ . ■ the direction of the ray, and 

y'K ;• light consists of so-called trans- 

\ ^ verse waves. When the light is 

\ir passed through certain crystals, 

^ o such as tourmaline^ only the 

Fig. ^28. — Polarisation of -u • 1 i ««« 

^ Light. vibrations in one plane c^ 

pass, and the light is then said 

to be polarised. By interposing another crystal with its axis at 

right angles to the first, these vibrations are also cut out, and no 

light passes (Fig. 328). 

If now an optically active substance, such as a solution of 
tartaric acid, is interposed between the two c^'stals, light passes 
through the second cr>’stal. To produce extinction, this crystal 
must now be rotated through a certain angle. Substances 
which are optically active thus rotate the plane of polarisation 
of light ; some rotate it to the left, some to the right. Each 
member of an optically active pair rotates the plane of polar- 
isation by an equal amount, but whereas one rotates it to the 
left the other rotates it to the right. The pair of substances 
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form enantiomorphs. Two modifications of tartanc acid were 
recognised by Pasteur (1848); one (<>rdinary tartaric acid) 

rotates the plane of polarisation to the right and . 

tartaric acid ; the other rotates it an equal amount to the iett 
and is called hevotartaric acid. An acid which .^^as the same 
composition as tartaric acid, but is optically 
racer^c acid, had been discovered m certain >'■''^5 of crude 
cream of tartar from wine by Berzelius in 1829 1 'his "“s tl^ 
first recognised case of isomerism. Pasteur prep . , 
ammonium racemate, NaNH^CjHjOj (tartaric 




dibasic), imd ^1-ed 

'.P-ran. e..^ 

separated by hand-pii K ii„, solution 

the solut.ons ''’'“'"‘""V' i n the other to an equal 

rotated the plane o ^‘oVuUons were mixed;* an 

“Sl‘; .^:cd^e'‘soluti'r formed. This was a n.ost 

important discovery compounds besides 

Many other tuch as glurose, fructose, cane 

sugar, essential “ ' ,i,„ life processes, and frequently 

activity seems to be ’ ^.p.stincc can be assimilated, 

only one of the ' \ , VJd on one form only, and if 
Certain ,iic two forms, they remove one 

grown in a solution containing ^wing common mould 

and leave 'he o'he^ orrra'cenL.e solut^n, observed that 
{Pemctlltum glaucum) on ^ removed, whilst the 

t^ ^:es^m r lj:^"'.:^P-ess was allowed to 
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rholccule of an asymmetric carbon atom, r.tf., one to which four 
different atoms or radicals are attached. Such a compound as 
the amyl alcohol 

H 


CjHs— C— CH: 


CH,OH 


contains an asymmetric carbon atom (shown in heavy type), 
and is optically active. Tartaric acid, as will be seen from the 
structural formula ; 

’ COOH 


H C.OH 


H . C(OH) . 


COOH 


contains two asymmetric carbon atoms. 

Pasteur’s results were explained, on the basis of the asymmetric 
carbon atom, by van’t Hoff and by Le Bel in 1874-75. They 
assumed that the four valencies of the carbon atom are directed 
in space towards the four corners of an imaginary regular 
tetrahedron. If the four corners are occupied by four different 
atoms or groups, two different arrangements of these are possible, 
the two tetrahedra not being superposable and one is the image 
of the other in a mirror. They resemble the right- and left- 
hand gloves or the shoes for the right and left feet. Such 
asymmetric molecules show optical activity. 

Besides the dexiro- and /<?r/f>-tartaric acids and their inactive 
combination, racemic acid, there is a third form which is optically 
inactive^ because the effect of one tetrahedral half of the molecule 
is just counterbalanced by the effect of the other ; this internally 
compensated inactive acid is called mesotartaric acid (Fig. 330). 

The carbon atom is not peculiar in producing optical activity : 
when four different groups are arranged about a quadrivalent 
tin atom, for example, an optically active compound is formed. 
There are also optically active compounds of silicon, sulphur, 
and nitrogen. 

There is another kind of space-isomerism, not, however, causing 
optical activity, which occurs when the two halves of a molecule 
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are joined by a double bond (p. 197 ) so that they cannot rotate. 
These two forms are called cia- (two identical groups adjacent) 
and trans- (two identical groups opposite) isomers. 





(/) lu i.-o 


tneso 

Acids. 


Fig. 330. — Optical isomerism of the Iartaric 

Each Moi.echle cohtaiss two AbVMMf.TRic Carbo.v Atoms, supposed to 
BE AT THE Cl.STRES OP THE T%VO TcTKAlltl'KA jt'INkO BV \£RIICES. I THE 
rf-roRH THE Groups H. OH. CO.H succemi one another 

OROLK IN BOTH TeTRaHEUHA (l.ooKEU At PROM THE SAME ASPECT). IN 
/-PORK IN COUNTER-CLOCKWISE OKUtR. WHIl.sT IN THE OPTKALLV 

hksu-Tartakic Acu> the ori.er is clockwise i.s one Tithahei>ron aso 
COUNTER-CLOCKWISE I.V THE OTHER. sO THAT THE MOLECULE AS A WHOLE Is 
OmiCALLY INACTIVE. 


As examples of <'/j-//'a«i-isomors we have two acids called 
fumaric and. maleic acids (1‘ ig- 33')- 


ilaleic Acid. 


Fumaric Acid. 



Fig. 


331 — Cis-/pa»is-IsoMLi<isM h.\i’i-Ai.N;ia> 
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In this case the tctrahcdra arc joined along an edge, ( orre.spoml- 
ing with the double bond. Whereas optical ibomers tne 
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tartaric acids) are identical in chemical properties and in all 
physical properties {e.g.y solubility) except optical activity, cis- 
and trans- isomers differ in these properties. 

Oils and fats. — Oils and fats contain glycerol esters of 
palmitic, oleic, and stearic acids. Glycerol is an alcohol con- 
taining three hydroxyl groups, C3H5(OH)3 ; the three fatty acids 
mentioned have rather complicated formulae : 

palmitic acid, C15H31COOH ; ^ 

stearic acid, C17H35COOH ; 
oleic acid, CJ7H33COOH. 

Butter fat contains also about 2 per cent, of the glycerol ester 
of butyric acid, C3H7COOH ; castor oil is the glycerol ester of 
ricinoleic acid. 

Margarine (called oleomargarine in America) is a butter 
substitute made from a mixture of purified fats, churned with 
milk to a butter-like emulsion and generally coloured yellow. 
Beef fat, lard, olive oil, cottonseed oil, refined coconut oil and 
palm oil, and in America hardened cottonseed oil (p. 292), are 
all used. 

Drying oils, such as linseed oil^ contain glycerides of un- 
saturatcd acids (containing double bonds in the molecules) 
which undergo oxidation on exposure to air, especially after 
being ‘ boiled,’ and solidify. They are used for paints. (p. 279). 
Linoleum is a mixture of cork dust and mineral pigments ground 
up with oxidised linseed oil and applied to canvas. To increase 
the rate of ‘ drying ’ (/.tf. oxidation) of the boiled linseed oil, 
driers are added : these are catalysts and contain lead and 
manganese salts. 

Soap. — By the interaction of an acid with an alcohol, water 
is eliminated and an ester (‘ ethereal salt ’) is formed {e.g.y ethyl 
acetate, from ethyl alcohol and acetic acid) : 

R . OH R'. COOH = HjO R’. COOR. 

Many esters are used for flavouring, e.g., amyl acetate. 

When an ester is boiled with a solution of an alkali, the 
alcohol and an alkali salt of the acid are formed : 

R'. COOR -t- NaOH = R . OH -h R'. COONa. 

This process is called saponification. 

The alkali salts of palmitic, oleic, and stearic acids are called 
soaps. They are made by boiling oils or fats (^.^., olive oil, 
palm oil, tallow) with caustic soda solution, when a solution 
containing soap and glycerol is formed. 
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The soap ‘ curd ’ thrown out of the mixture by common ^alt 
is heated with water to form a paste, which i;. again boiled with 
a little caustic soda, again separated into two layers, and the 
process may be repeated. The soap is then ' fitted. brought 
into the state of hnished soap, by allowing it to stand and taking 



2^2. — A S().\r 
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off the top layer, which is agitated in ‘ ' '’Vl, nT'ui 

after which it is allowed to solidity in >0.1]) tr i.i.' •' •' 

into bars* . , , i ir iii tl 

T'hc* residual liquor front wliic h j, 

contains the glycerol, which is ol)iaine<i Itorii 1 > <- 

under reduced pressure in a current of mijj< r u i « < " ‘ 

During the Great War, (ier.ttany be.-me ' V“;' ' . 

making glycerol to be used \ lu iniities 

fermenting molasses with yeast in pri sein ^ " i Y ' of 

of sodium sulphite, when instea.l ol the 
glycerol to the extent of about ,i per cent, ot i i< sug- 

over -to per cent, can be obtained. , , i, i,. t,. ui 

When the fats or oils are saponiiied with (ausiu jtotasli 
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of caustic soda, the potassiuin salts of the fatty acids, together 
with glycerol, result. The product is soft soap : it is allowed 
to set to a jelly and not thrown out with salt. The best kind of 
soft soap is made from linseed oil. 

Carbolic soap contains phenol and other substances present 
in the middle oil of coal tar (p. 523), which is added during 
the boiling. In making toilet soapy the soap is cut into shreds, 
which are dried, milled by passing between heavy rollers, mixed 
with colour and perfume, and squeezed into bars by a powerful 
hydraulic press. The bars are cut into tablets, which are then 
stamped into oval or other shapes. 

Transparent soap is produced by dissolving soap in alcohol 
and evaporating or (for the cheaper kinds) by adding glycerol 
or sugar to ordinary soap. ' 

Marine soaps are so called because they are soluble in a 
solution of salt and hence can be used with sea water. Such 
soaps are usually made from coconut oil and may contain sodium 
sulphate, soluble silicates, fuller’s earth, and starch. 

Washing with soap. — The modern explanation of the detergent 
action of soap is very interesting. The molecules of a liquid 
exert great cohesive attractions on one another : every liquid, 
it has been calculated, is internally under a pressure of 800- 
3000 atm. owing to these forces. At the surface of the liquid, 
whether a free surface or a surface of contact with a solid, e.g., 
the containing vessel, the molecules are pulled inwards and the 
surface is thus rather like a strongly stretched skin — stretched 
because the molecules in the surface pull one another sideways. 
The surface thus tends to shrink and become as small as possible. 

The force acting in the surface in this way is called surface 
tension : it is not large, and varies rather considerably with the 
nature of the liquid. The surface tension is not usually much 
affected by dissolving salts or other substances in the liquid, 
but some particular materials lower the surface tension of water 
very considerably, e.g., soap, gum, albumin (white of egg) and 
other colloidal materials (p. 176). Such solutions froth easily 
when shaken. One per cent, of soap will halve the surface 
tension of water. It is also known that when this happens, the 
molecules of the dissolved substance tend to accumulate at the 
surface of the solution, and to arrange themselves in the surface 
vertically side by side, with their ‘ heads ’ all facing in one 
direction and their ‘ tails ’ in the opposite direction. The 
arrangement of molecules at surfaces in this way, to form films, 
which are generally one molecule thick, and with the molecules 
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orientated, is called adsorption. Adsorption also occurs with 
gases on solids, such as charcoal (p. 409) 

® In unimolecular films of fatty acids on carbox 

group at one end of the chain has an attraction f" 
immersed in it ; the hydrocarbon radical at the 
chain, which resembles paraffin oil in showing no tendenct to 

wet itself, projects vertically from the him. . 

Soap, since it lowers the surface tension of 
in the surface film, and if a solid is present it is adsorbed b> 1 • 

Wl^en a solution soap is shaken with 

adheres to the fino powder and 

When a large amount of soap solution i.s 

[:"^s::rma^ffiy ffir Hmrch-an^^^ 

When ffits are treated with '^0,1 free 

of a little slaked lime, they are purification and the 

fatty acids. The glycerol is seimr. led Uic 

fatty acids distilled. 1 he billing soli<i mi.Nture of 

application of great pressure, and ■ i,i. arid, is 

fatty acids, principally steam a. ul. : ,! .ulditiun 

called stearin and is used tor .iKiking „ H,, d.. not 

of a small quantity of parah.n wax 1- 

soften and bend in warm \\e.iilKr . .Jcmrii-d out bv hrai- 
another process the hydrolysis ol j]. < a>toi 

ing with water and 7 'witchtll s 

oil. or oleic acid and naphthalene, with m Ipht • 1- j 

Waxes are not glyreride. .;r" " 1 ,^^ , c t^r nf 

acid callc^ cerotu- .h- 

myncyl alcohol C 3 oH«, OH th^ „j„ained tomi 

glycerol in ordinary fat^. • i lapun lar-e (lu.m- 

the oil of the sperm whale an«l m .m ‘„viteri il bein'' fi-rnied 
lilies of /rcc wax are used lor eandU-. ‘ al'le 

by a small crustacean like a wood louse. \ arums v.. 

waxes are also used. 



CHAPTER XXVIII 

ORGANIC COMPOUNDS [Continued) 

Aromatic compoimds. — The compounds described in the last 
chapter are aliphatic (fatty) or open chain (p. 432) compounds : 
those now to be considered are mainly aromatic, containing closed 
rings of carbon atoms. The raw material for the production of 
aromatic compounds is chiefly coal tar. 

The simplest aromatic compound to be considered is benzene, 
the formula of which may be written ; 

H 

I 

C 

/ \ 

. H— C C— H 

II I 

H— C C—H 

\ ^ 

C 

1 

H ^ 

but is usually denoted by a simple hexagon: . When 

\/ 

atoms of hydrogen are substituted by other atoms or radicals, 
the products are denoted by the hexagon formula with the 
substituting group or atom written opposite the position where 
it is attached : 
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The formulae of toluene and naphthalene, for example, 
written in full are : 


H 

I 

H— C— H 

1 

C 

/ % 

H— C C— 11 

II I 

H— C C— H 

\ 

C 

I 

H 


H II 

I I 

C C 

\ % 

H— C C C— H 

I II I 

H— C C C— H 

\ 

c c 

I I 

H H 


Coal tar. — This is a mixture of a great number of materials, 
chiefly hydrocarbons, obtained in the distillation of coal (p. 444). 
It is separated by distillation into a number of fractions. A 
contains benzene, toluene, and xylenes (p. 522) ; creoso/t' 
contains phenol (carbolic acid) and cresols (dibytlroxybenzenes), 
which arc antiseptics, and is used in preserving timber ; the 
heavier fractious contain more comi>licateti aromatic hydro- 
carbons, such as naphthalene and anihrarenc, which when 
purified are stdids and are used in the manut.uture of dyes. 
The residue in the retort is pitch, used for road-making. Four 
fractions are generally collected in the distillation, \ iz. light oil, 
middle oil, heavy oil, and anthracene oil. Tiic middle oil con- 
tains most of the phenol and the naphthalene ; the heeny oil 
begins to come over when the temperature readies about 270° : 
it contains cre.sols and naphthalene ; anthracene oil comes 
over from about 275"^, and the distillation is slopiied when the 
pitch residue has the retjuired consistency. 'I'he amounts of the 
fractions are, approximately, as follows : 




Spciilic fcraviiy 

J'* n*<ovcrcd 

Water 



4-5 

Light oil 

1 70®- 1 80® 

O‘ 91 -o *95 

2 4 

Middle oil - 

240®-2.t.‘j^ 

I *01 - I 02 

10—12 

Heavy oil - 

270^-275® 

1 04 

8-10 

Anthracene oil - 

300 ®-J 40 ® 

I 09 

18-25 

Pitch 


J -3 

50 -OO 
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A method of continuous distillation is also used, in which 
superheated steam is blown into the tar, previously heated to 
about ^oo° under pressure. 

The various products of the distillation of tar are further worked 
up and purified by methods which cannot be described here. 

The so-called ‘ coal-tar dyes ’ are not, of course, contained as 
such in the tar. They are prepared by chemical processes from 
the constituents of the tar, e.g., the benzene is first converted into 
aniline, and the aniline then treated to produce dyes Some 
dves are made from naphthalene and some from anthracene. 
When purified naphthalene is heated under pressure with 
hydrogen in presence of a nickel salt, one of the benzene rings 
takes up four atoms of hydrogen and a liquid called is 

formed, used as a solvent, and in Germany as a motor fuel when 

mixed with alcohol and benzene. 

Explosives.— Explosives are solid, liquid, or gaseous compounds 
or mixtures which by chemical action, initiated by flame, per- 
cussion, or the detonation of other explosives, generate suddenly 
large volumes of heated gas. In some cases the method of 
firing influences the effect : guncotton when lit with a match 
burns fiercely but does not explode, but when exposed to the 
shock of detonating mercury fulminate it explodes violently. 

The chief uses of explosives in peace are in getting coal and 
other minerals and in blasting or removing rock, roots of trees, 
etc. The oldest explosive is gunpowder, which is an intimate 
mixture of potassium nitrate (six parts) with charcoal (one part) 
and sulphur (one part), ground and incorporated under stone 


rollers. 

Gunpowder was apparently first used by the Chinese tor nre- 
works and military purposes about .\.d. 1150, if not earlier. Greek 
fire, used in Europe in the Byzantine period, was apparently a 
mixture of resin, pitch, salt, sulphur, and quicklime, which could 
ignite in contact with water : some kinds may have contained 
saltpetre. The invention of gunpowder in the West is usually 
ascribed to the English Franciscan monk, Roger Bacon (1214- 
1 292), who in his de secretis operibus ariis et de tiullitaie magtae, 
probably composed about 1248, definitely mentions saltpetre 
and sulphur as constituents, but is supposed to conceal charcoal 
in an anagram (see Fig. 333). The full recipe is given in the 
Ltber Ignium of Marcus Graecus, the earliest MSS. of which 
are practically contemporary with Bacon, and also give recipes 
for ‘ liquid fire ’ for military purposes. Gunpowder was first 
used by the English in the battle of Crecy, in 1346. 
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The explosion of gunpowder is a very complicaied cheniical 
reaction and cannot correctly be represented by any single 
chemical equation. The gaseous product consists principally 
of carbon dioxide, carbon monoxide, and nitrogen, whil>i the 
solid product (including that in the dense smoke) con^l^t^ 



. » 
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^ 

d’a'-x^’c 'ir-' ■’7™^*^ ^ -■ 

Fig. 333.— Pace ov Hacos M'^. wiim ni s( larnuN m i .cni ou lli;. 

(//fifish .yfhSfiitfi ) 

mainly of potassium carlmnate, ]>otasvinni -iilphau-. and {x.t.is- 
sium sulphide. We may ilui. (<.nsi<lcr ilu lollowmg a> tlu- 
principal reactions in the i xplosion ol gunpowdrr . 

4KNO3 t 5(; = 2K./'C>3H iN.. • 3 ^ 
2KN03+3C-K.,( 0:,h ('(>■■ ■ < <> • 

2KN0.. + S^ 3('=K.S f No^ M O-j : 

2KN03 + S + (:= K-oSO, *• N2 » ^ 

In the action of sulphur alon<- on nitre, sulphur dioxide 'iim 
potassium nitrile are also formeil as well as p<*iassiuni sulpha t. 

P.I'.C. s 
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For many purposes gunpowder has been replaced by modem 
explosives, such as cordite and dynamite but it is still used 
in coal mines for breaking up the large masses of coal. 



Fig. 334. — Dynamite Cartridges in Bore Hole with 
Detonator and Fuse for initiating the Explosion. 

{Svb<V% Explo%\vci Co.) 


By treating glycerol with a mixture of concentrated nitric and 
sulphuric acids, the nitric acid ester, nitroglycerin^ really 
glyceryl nitrate (p. 518), is produced : 

+ 3HNO3 = + 3H2O. 

It was discovered by Sobrero in 1846 but was first used as an 
c.xplosive by Nobel in 1862. It is an oily liquid which detonates 



Fig. 335. — Dynamite and Blasting Gelatine Cartridges. 

{Xobti's Explosives Ltd,) 


with terrible violence when struck and is too dangerous to use 
as such. Nobel showed that it can be soaked up in a porous 
earth, kieselguhr, to form dynamite^ which is safer. Dynamite 
is now mostly produced by mixing nitroglycerin with wood 
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powder together with mineral nitrates. It detonates with 
tremendous violence when exposed to the shock of exploding 
mercury fulminate. Another useful explosive is guncolton. 
discovered by Schonbein in 1845 ; it is a nitrocellulose (p. 499) 
obtained by the action of a mixture ot concentrated nitric and 
sulphuric acids on cotton. Guncotton detonates violently, esen 
when wet, on exposure to the shock of exploding mercury ful- 
minate. Blasting gelatine and gelignite are composed of nitro- 
glycerin and guncotton: they also detonate witlt mertur) 

fulminate. , • • 

Important explosives are produced by substituting hydrogen 

in aromatic compounds bv the niiro-group, -NOo i they are 
generally obtained by treating the substances with conrentrated 
nitric and sulphuric acids, and the following are important : 
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T.N.T. and picric acid (lyddite) arc ' lii(;li cxplo.^ivc.., ' u"”* 
filline shells. On the explosion of t.n.i. alone, large \olunus 
of bfack smoke arc evolved, so that shelU hlled '.y' ' 
nicknamed ‘ lack Johnsons ’ (after a negro fuigi is 
Great War. It was found that a mixture <►( t n.t. 'J ^ 
times its weight of ammonium nitrate (whu h is ' I 

called amatol, was a more effective ami ^ nV tlie 

this was extensively used. On account of ilie a< < 
oxidising agent (ammonium nitrate) the formation k ^ 

smoke was avoided. , . . .-w. 

The explosives used in petlini! coal in mines nni, not 1 

iolent, as otherwise the coal would be shattered ^ > 

lust also not eive a hot flame, which rni^ it 'fl” .‘,,,.1 


{'pr".|45r“ 'Safily 'txploVwts are therefore used 

‘ permitted explosives ; they include various inixei .| . 


permitted explosives 
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such as dynamite with salts (Glauber’s salt, etc.), ammonium 
nitrate and hydrocarbons, etc. Gunpowder, although used in 
mines, is not a safety explosive. 

Explosives such as dynamite, t.n.t., amatol and picric acid 
burn with extreme rapidity on detonation and exert a great 
shattering effect. They are called brisant explosives : those 
suitable for filling shells, such as t.n.t., amatol, and picric acid, 
are generally called high explosives. They are quite unsuitable 



Fig. 336. — \'akieties of Cordite .\nd Smokeless Powders. 
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(U CoRtMTE M.D. TiBt L.sR SUE yi >0R 303 ^^k. Vll .Service Rifle, 

U) CokujTE Size 3J ^0R *303 Mk. ^ERVICE Hull. 

(3) Tluivlar Nitrdcellvlose Rii-LE Powder. 

(4) Cordite M.K.i. Sue 20 S.C, roR Bl>n*k Ammvnttjon, 

(5) Flake Nitrocellclose Rifle Powder. 

(0) Cordite M.D. Size 4 1 ior Howitzers, 

(\obfrs Explosives Co.) 


fur use in guns, since the pressure would be developed so suddenly 
that the gun would burst. Another kind of explosive is re- 
quired for this purpose, called a propellant. Gunpowder and 
cordite are propellants. Cordite is made by gelatinising gun- 
cotton with nitroglycerin and a little castor oil or vaseline, 
'fhe gelatinous mass is pressed into threads, tubes or tablets, 
and is largely used as a ‘ smokeless powder.’ The cordite is made 
up in various forms for special purposes (Figs. 336 and 337). 

The tremendous power of modern explosives may be realised 
from the fact that a modern gun will fire a projectile weighing 
nearly a ton over a distance of thirty miles. When we take into 
account the very short interval of time during which the shell is 
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Dyes and dyeing.— It b.is I»l«h txpl.inud that m the early 
period tlie tTialcrials used in dy. inf^ wi re ol v.-giiabh- 
with the exception of the 'rvrian |.urple (obt.nmd lr(at. slull- 
fi.sh) and the red <l>e obtained trom llu- l.et tne> m>e. t. liu igo 
and madder ore example ^ oi v( tal)le <lyes. Mans tuw ( \t'' 
were rendered available with tlu- dixovery ol Atnenca anM)ng 
them loKwood and cochineal, .\boul 1^50 a great iinprovetnent 
in dyeing look ijlace bv the sulj>titutic;n ol a tin bir alum a.-, 
a mordant (p. sv). « o< hmeal a s. ty brithaiil .s.arlet 

was so produced. 'I'he invention is atirdmied to ( ornelius 
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Drebbel (who constructed a submarine in 1622) in 1630, and 
his son-in-law established a large dye-works at Bow. There 
was much prejudice against logwood and indigo during the 
sixteenth century, and the cultivators of woad arranged that 
the foreign dyes should be prohibited in England under heavy 
penalties. Until the reign of Charles II. any indigo and 
logwood found in the country were confiscated and burnt. 
Calico printing was not much practised in Europe until about 
1700, in which year the importation of printed chintzes from 
India to England was forbidden. This was followed by a law 
enacted in 1720 which prohibited the wearing of all printed 
calicos whatever, whether imported or home produced. In 
this case the interests of the silk, wool, and linen industries were 
the underlying cause, and it was not until 1831 that all restric- 
tions were removed. 

The year 1856 marks a turning point in the dye industry, for 
it was then that William Perkin, whilst a young student, dis- 
covered the first aniline dye, mauve, when trying to make quinine. 
Another dye discovered soon after was magenta. The starting 
material for these dyes was aniline, a derivative of benzene, in 
which an atom of hydrogen is replaced by the amino-group, 
-NHo (p. 522). Aniline is a liquid first obtained by 
Unverdorben in 1826 by the distillation of indigo but made 
from benzene by Zinin in 1S46 by the following process. 
Benzene is converted into nitrobenzene by treatment with nitric 
and sulphuric acids (‘ nitration ’) ; 

CgHu H N '03 = CftHsNOa + HgO. 

The nitrobenzene is then reduced to aniline by iron filings and 
hydrochloric acid : 

QH.NOo + 6H = CeH^NH, + 2H0O. 

Perkin’s mauve was obtained by the action of potassium 
dichromatc on aniline. It is a rather fugitive colour. 

The synthetic dye industry was developed on a small scale in 
England and on a vast scale in Germany. Since the Great 
War s>'nthetic dyes have been made on a large scale in England 
and in the United States of America. 

The colour of a dyestuff is very closely related to the way in 
which the atoms in the molecule are linked together, and the 
presence of certain groupings of atoms. By introducing such 
groups new shades and colours may often be produced. 
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Not all coloured sub'-tancesi are dves. In order to eon'-tiiute 
a dyestuff, as distinguished troni a (oioured sulxtante. 'ub- 
slance must be strongly coloured in it'-elf. or produce rol<>ure<l 
bodies with a mordant ; it must be capable ol being lixed upon the 
textile from an acjueous s(>luti<»n ; .iitd it must prodia e a (olour 
sufficiently resistant to washing \\ith >f)ap and expo-ure to air 
and light. Some dves mav be \ised thr''« il\ by niereh soaking 
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antimony salt and tannin, which form a precipitate on the fibres, 
or with solutions of salts of metals with very weak acids such as 
acetic acid, which are decomposed by heat, depositing the 
hydrated oxide on the fabric. In another process the fabric is 
first soaked in a solution of a metallic salt and then in an alkaline 
hydroxide, when the hydrated metallic oxide is deposited. 
Some synthetic dyes can be used with cotton without a mordant, 
and many dyes can be used directly with wool and silk. Tannic 
acid alone is used on cotton with basic dyes. 

Indigo is what is called a vat-dye. A solution of indigo- 
white is prepared by reducing the indigo. The wool is steeped 
in this and exposed to air, when indigo blue is produced by 
oxidation and is deposited in the body of the fibre. The plant 
woad, used by early Keltic tribes, was similarly applied and 
yields indigo blue. 

The formula of indigotin, one of the principal constituents of 
indigo, is rather complicated : 


C,H,<gO>C=C<SS>C.H 


NH 


4 > 


but it gave an unmistakable clue to the manufacture of the dye. 
Indigotin is now very largely made artificially : in one important 
process, naphthalene and ammonia from coal, acetic acid from 
wood (or calcium carbide, see p. 442), and oxygen from the air 
are the principal raw materials : sulphuric acid, chlorine, 
mercury, and alkali are also used in the various steps of the 
process, but are recovered. The long series of experiments 
leading to this discovery cost the German firm, it is said, a 
million pounds. 

The first step in this process is to convert naphthalene into 
phthalic acid, a process which occurs when it is heated with 
concentrated sulphuric acid, but too slowly to be technically 
utilisable. One day, in the laborator\*, it is said, a thermometer 
bull) broke in the mixture, and the process then went on rapidly. 
Mercury is a catalyst for the reaction. Some careless chemist 
or laboratory assistant, therefore, laid the foundation of the 
indigotin industry, and we are left to wonder whether another 
million pounds would have been spent without success but for 
this unknown Faraday. These ‘ romances of chemical industry,’ 
it may be added, are often fictitious. As often as not the 
‘ di-scoverics ’ come from forgotten patent specifications, or 
publications in pure science. The valuable medicinal properties 
of acetanilide were, it is true, discovered because this material 
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had been supplied by mistake instead of naphthalene by a 
laboratory boy. 

Although the formula of indigo blue appears complicated, it 
is completely overshadowed by those of other dyes. Congo red, 
for example, possesses the formula : 

NHj(S03Na)(C,oHs) . N=N .C.IL ■ N = N . (CioHjllSOjNalNH, 


and there are many dyes with much more complex formulae 
than this. In the Congo red molecule the colour-producing 
group, called a chromophore, is the doubly-linked nitrogen 
-N = N- ; when in addition to a chromophore the molecule 
contains a basic group, such as - or an ^idic group, such 

as -OH or a dye.sluff is formed. The chromophore 

in indigotin is 


-CO-C»C-CO- 


A type of molecular structure producing colour in lienzene 
derivatives, or other compounds containing benzene rings, is 
the quinonoid grouping ; 


Many dyes when reduced yield colourless leaco-compounds, 
which produce the dyes on oxidation. Imiigo-white i> a leuio- 

^^AnmhlT important dyestuff is aUzann. f^nn.-rly 
from the madder root and used to dye lotton / urluy n-d. I h s 
Is now obtained, not from aniline, but from the hydro, .irb n 
anthracene, obtained from coal tar (p. '7 

oxidation this yields anthraquinono. ( nll^O.., am >> ' ^ 

tuling two atoms of hydrogen in ^ 7 

one obtain.s dihydroryanthraqumone. < , , ' ■ *7 * ' , . 

stance is alizarin. Whereas 50.000 acres wer.- devote cl tin 
cultivation of madder m hrame alone, nmu- is noss gro\ 
although the produetictn of alizarin has ri-'tn rom 

1870 to 2000 tons per annum. v . , 

Essential oUs.- Many plants, especially varieties o ( omf.r.n 
and Cilrus, contain volatile sub-'tances with p<>\M r u cx'iiii'. 
sparingly miscible with water, .ind la-m ■ ur'.upc cl tcgether 

under the name of essential oils. Some of these an ' ^ 

(p. 518 ; e.g., oil of winlergre en : l>.-ar e-sem e ; l.aeiieie i 01 
quince oil) some are ahiehydes oil ot biiu r >dnmn.ls o. 

benzaldchyde, CoHr.(:H() ; ' itral ; c umin oilj. .-^ome are Indio- 
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carbons (oil of turpentine ; dill oil), some are alcohols (menthol), 
some are ketones related to acetone (camphor), and some are 
phenols related to phenol (oil of cloves). They may be prepared 
bv distilling the plant, or the part of the plant rich in the essential 
oi'l (e.p.. lemon peel, cloves, cinnamon) in a current of stearn, 
when they pass over. They are only slightly soluble in 
water but impart a strong odour and taste to it. Oil of tur- 
pentine is prepared by distilling an exudation from pines and 
other coniferous trees. Common rosin (or resin) remains in the 

'I'he chief constituent of oil of turpentine is the hydrocarbon 
pinene, with the formula CjoHig. Limonene is another terpene, 
or hydrocarbon related to turpentine, found in lemon rind and 
giving it its characteristic odour. Camphor has the formula 
C'loHifiO, and is obtained by the steam distillation of the roots 
and trunks of a tree growing in China, Formosa, and Japari : it 
is only ven* sparingly soluble in water but readily soluble^ in 
alcohol, forming ‘ spirit of camphor.’ Eucalyptus oil consists 
mainlv of cineol. C,oHihO ; thymol, a phenol (cf. p. 523)» an 
antiseptic contained in oil of thyme, and eugenol, another phenol, 

is contained in oil of cloves. , 

Rubber (taou/i'/ioui ), — This valuable material is a polymerisea 
form of the liquid hydrocarbon isoprene, C^Hg, which is formed 
on distilling rubber. Isoprene may also be obtained from 
acetone and in oilier ways, so that many attempts have been 
niadL- to obtain synthetic rubber. So lar, the products made 
artiticiallv arc more expensive than natural rubber, but some of 
them liave valuable properties, e.g., they are more resistant to oil 
than natural rubber. One such product on the market is chloro- 
I'rt iu'. which contains combined chlorine. 

Natural riihhiT is formed by the coagulation ot the milky 
jin('e {latex) of various tropical and sub-tropical trees of different 
families, but ]Kirtirularly the Hei^ea in many varieties. The latex 
is obtained bv * tapping ' (making incisions in the stem) and is 
then coagulated. The coagulation is effected by repeatedly 
clii>ping 'a paddle in the latex and holding it in the dense 
smoke from a brazier, forming Para grades, or in plantations 
bv adding acetic acid to the colloidal latex, filtering off 
the coagulum, pressing it between rolls, and hanging up the 
slu-ei-. to drv, so as to form the plantation grades, smoked sheet 
and crepe. 

In the untreated state the elasticity of raw caoutchouc is 
imperfect, and ordinary rubber is obtained from it by vulcanisa- 
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they increase its resistance to abrasion. Red antimony sulphide 
is present in red vulcanised rubber. Reclaimed rubber is 
obtained by boiling finely divided waste rubber with alkali, and 
washing. Most of the world’s supply of rubber is grown in the 
British Empire. 

Gutta-percha and balata are (like rubber) originally milky 
exudations from trees, and are similar in composition to rubber. 
ShellaCy which is more complex, is an excretion from the lac- 
insert living on an Indian tree, and is used in making sealing- 
wax and in solution in alcohol as a varnish, and for French 
polish. Oleo-resifis are mixtures of resins and essential oils 
{e.g.y turpentine resin ; copaiba balsam or Canada balsam) ; 
gum-resins {e.g.^ myrrh) are natural mixtures of gums and 
resins. 

By the dry distillation of rosin, a volatile rosin spirit is obtained, 
used as a substitute for turpentine (petrol is also used for similar 
purposes). 

Tannin ; leather ; ink. — The name tannin is applied to a 
number of constituents of certain plants and trees which are 
amorphous, very soluble in water, have a bitter astringent taste, 
and possess two important properties made use of technically. 
First, they convert hides into leather, and second, they give with 
iron salts dark-coloured solutions called ink. 

Nut-galls, which are excrescences on oaks produced by the 
puncture of the leaves and young twigs by an insect, are very rich 
in tannin, but the latter also occurs in oak and hemlock barks 
and in numerous other vegetable products used in tanning. 

In making leather the hair is first removed from the hides by 
soaking in milk of lime, to which sodium sulphide may be added. 
Tiic lime is removed from the skin by soaking in dilute acetic 
acid, sour bran (containing acetic and lactic acids), dung or 
dung substitutes (containing bacteria or trypsin, p. 552). The 
skin is then immersed in the tanning liquor containing the tannin, 
in pits. In the old process a long soaking in weak liquors was 
used : a more rapid process involves the use of stronger liquors 
but the product is said to be inferior. The tanned hide is then 
dried and treated with oil and tallow. Leather is coloured 
black by treatment with iron salts. 

Mineral tanning replaces tannin by solutions of chromium 
salts ; the process is rapid and the leather has a green colour. 

I bin leathers {glace and kid) are tanned with alum. Chrome 
leather may be dried and impregnated with paraffin wax 
(‘ driped ’). Artificial tannin is made from formaldehyde and 
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seeds called Nux vomica ; aconitine, a very poisonous alkaloid 
in aconite; veratrine in white hellebore ; atropine and hyos- 
cyamne in the deadly nightshade (used for dilating the pupil of 
the eve) ; scopolamine and hyoscine m the Datura metelotdes , 
and others. All the alkaloids are poisonous, some m very small 
doses, but they are very valuable medicines. 

Modem plastics.— The older plastics from casein (p. 545)j 
Bakelite (p. 510), nitrocellulose (p. 499). ^ the forms of celluloid 
and photographic film, and cellulose acetate (p. 500), are still 
much used, but manv new materials have joined this group. 
The po/vvim-i plastics are derived . ""[fl 

CH.:CH.C00CH3, and vinyl chlorides CH, :CHU, by 
polvmerisation, the molecules linking into chains by utilising 
the' double bonds ; thus, polyvinyl chloride is 

... — CHrt — CH(Cl) - CH^ — CH(CI) — . . . , 

and polvvinyl acetate the same with the acetate radical 
-COOCH, in place of Cl. Polythene is a polymer of ethylene, 
CH„ : CHo, which forms . . . - CHj - CHj - CHg- - . . ; 
thene is a product of this type, krom styrene (phenylethylene), 
C H- .CHiCHj, is formed by polymerisation polystyrejte 

... -CH(CsH5)-CH2-CH(C6H,)-CH2- ... 

Pcrspcc used for aeroplane windows and for lenses, is a polymer 
of acrvlic acid, CH, : CH . COOH. The famous nylon xs 'O. 
polv-amide formed fl-om adipic acid (a higher member of the 
oxalic acid group), (CH.),(COOH).,. and hexamethylene diamine 
(CH2)fl(NHo)2, which condense to give 

... -CO-(CH.04-CO-NH-(CH2)6-NH- ..., 
wliich is seen to have a relation to the protein structure (p. 544)» 

. . . -CO-NH-C?l.-CO-NH- 


CHAPTER XXIX 

foods, nutrition. biochemistr\ 
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must contain certain amounts of salts, the thyroid gland must 
secrete thyroxine, etc.). 

(4) Water : a great proportion of the body is water. ^ 
(s) Oxygen is not usually regarded as a ‘ food, yet it is 
essential for the production of heat. Some lower organisms 
(certain bacteria) can live in absence of free oxygen and are 

called anaerobic. . • u • 

(6) ViT.4MiNS : accessory food substances, without w'hich in 

small quantities the body cannot live even if provided with 

carbohydrates, proteins, salts, water, and oxygen. Just as a 

motor-car will soon stop and have its mechanism ruined if not 

provided with lubricating oil, although this does not supply the 

driving energy, so the animal body sickens and dies without 

vitamins. It is only recently that their great importance in 

nutrition has been recognised. 

From one point of view we may compare the body with an 
engine, the fuel of which supplies its energy. Yet the animal is 
a self-building, self-regulating and self-repairing machine, and 
is the laboratory in which the most surprising and wonderful 
chemical changes are constantly taking place. The study of 
these is often called Biochemistry : it includes particularly the 
knowledge which Physical Chemistry and Organic Chemistry 
have contributed to the elucidation of the chemical changes in 
the body, many of which were formerly regarded as the results 
of the action of a mysterious ‘ vital force.’ Since many of the 
organic compounds which were at one time thought to be formed 
exclusively by the action of the ‘ vital force ’ have been synthesised 
in the laboratory, and since many of the processes which seemed 
to be inexplicable, except as manifestations of ‘ life,' are now 
known to depend on physico-chemical equilibria, it has become 
customary to attempt to proceed as far as possible in the explana- 
tion of life-processes without assuming actions not familiar m 
tlie metamorplioses of unorganised Nature. A limit, however, 
is soon reached, and we cross the boundaries of Physiology and 
Psychology. No organic compound ever sjmthesised or ex- 
tracted from a living plant or animal has ever shown the faintest 
sign of ‘ life,’ and no system of materials ever arranged has 
proved capable of growth. 

Diet. — The different kinds of food taken together constitute 
{iiet, and a sati.sfactory diet must: (i) have sufficient energy 
v.ilue — ‘ adequate calorics ' ; (ii) contain minimum amounts of 
adequate proteins, carbohydrates, fats, salts, and vitamins; 
(iii) conform to the dietetic habits of the nation. 


A standard of food consumption with a mixed diet for an 

adult has been given as : protein 4 oz.. tat ^ 

ic oz., per day, reckoned m dry weight Water, salt., and 
oxygen (from respiration) are assumed to be supplied as \\cli. 
Such a ‘ typical diet = consists of about one-sixth of 
one-sixth of fat, and two-thirds of carbohydrate. It 
be emphasised that (as is more lully explained on p. 54 ^d ihc 
requirLients of adults and children are different. The relatnt 
protein requirements of growing children are larger than tho>c 
of adults ^ince an adult, even if pertorming hard manual 
labour can get energy from carbohydrates and fats, but these 
will not enable a child to grow. It is unfortunate that, as . 
r<>ciilt nf lack of knowledge about foods, the protein is 
sumed by aduH workers, arrd young ch.ldrcn do not 

E/et an ad^equatc supply of meat, eggs, and hsh. and h-di ma\ be 
white and boiled instead of fried, bacon fat 

Af may be given instead of butter, and jam is given on bread 
btstlTad of butter. Sweet ttnd starchy food ,s provided in CNce.. 
of rcouirementi., and the child may grow lat yet l^ liabk o 
Kml' and eye ittiections. A great deal ot deta.Ied and aeeur.ue 

mft^matio,^ is no.-va.Uble^j. iUr"' o:^!; 
o^Tdiet^may'^result from better education m such mutters m 

"‘■'we^must now consUUr briefly the various parts of diet, 

and si^e carbohydrates form the large.st part we may 

hegin "dth them, although the protems 

w nrc-cmincnt— -henoe the name, whic h dcri\ cci 

from a Greek word meaning ’ to lake the first place.’ Recent 

researches have deposed the proteins from the exaggerated 

m»erun 2 e attached to them by Liebig and still upheld 

b^ many persons who have not followed the progress ot 

'''Thecarbohydrates.-Thesc substances, the first products of 
nl-mt synthesis, usuallv form the most abundant and etonomual 
!:^ourcc of c-nergy. The Eskimo, who has no cerea foods i> 
comnelled to consume the enormous quantity ol 15 lb. of meat 
i^lcss than 14 hours in order to obtain his heat and energy ! 1 he 

larirus carbohydrates and other sugars are first converted into 
Xose by hydroivsis by enzymes. The sugar, which ulti- 
mately finds its way into the blood, is constantly undergoing 
oxidation and replacement, and over half the energy supph of 
ihc^human body is normally derived from the oxidation ol 
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glucose, ultimately to carbon dioxide and water. In the disease 
of diabetes the glucose of the blood is not oxidised. 

The process by which glucose is oxidised is a complicated 
one, and a number of stages are passed through before carbon 
dioxide and water are reached. The glucose molecule is first 
broken up into simpler parts and these then undergo oxidation. 
It is thought that the glucose must first be combined with 
phosphoric acid, and it is not impossible that alcohol is an 
intermediate step in the oxidation process. The oxidation 
occurs in the muscles and the agency of a substance called 
insulin, which is secreted into the blood by the islet cells of the 
pancreas, is essential : insulin is therefore used in the treatment 

of diabetes. . , .i_ 

Cane sugar is not hydrolysed either by the saliva or the gastnc 

juice and passes to the intestine, where it is hydrolysed by the 
same enzyme, sucrase^ as is present in yeast but which is 

now supplied by a juice secreted by the intestine, into glucose 
and fructose, which are absorbed into the blood. Starch is nmre 
easily hydrolysed and hence more easily digested, especially when 
cooked, /.c., brought into the form of a colloidal solution, although 
raw starch can be digested. The starch is hydrolysed into 
dextrin and maltose bv an enzyme called ptyalin (probably the 
same as diastase, p. 503) in the saliva, which is only active m 
weakly alkaline solution. The action of the saliva goes on for 
some time after the solid food is swallowed, since segregation 
prevents for some time the acid gastric juice in the stomach 
jjutiing the ptvalin out of action. A further hydrolysis of starch 
occurs in the intestine, by means of a starch-splitting enzyme 
in the pancreatic juice, called pancreatic amylase or amylopsin, 
perhaps merely a variety of diastase (amylase, p. 503)- ^ 

Cellulose is not digested in the human body, but it gives bulk 
(‘ roughage ’) to food and assists its passage along the digestive 
track. Herhivora, e.g.. horses, can digest cellulose in the form 
of hay and straw, as a result of bacterial action in the intestines. 

Pats. — Fats, sometimes called lipides, constitute a more 
concentrated form of energy fuel than carbohydrates, and 
excess of food bevond the energy requirements may be stored in 
the tissues in the form of fat to provide a fuel reser\'e — ^the spare 
petrol tin of the human motor. Fats are formed in plants 
probably, and in animals certainly, from carbohydrates, and fat 
taken as such in food is also deposited in the tissues. During 
.starvation the sugar in the body is quickly used up, and the fat 
reserve is then called upon. Some fats in the body contain 
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derivatives of phosphoric acid and are called lecithms : others 
contain nitrogen or sulphur compounds. I hesc complex lat> 
occur in .nilk'’and in the more highly organised ce s f ' 

mken "n Excess! may also contribute to the formation ot tat m 

“’proteL -The principal constituents of muscle or lean flesh 
are nrotcins which are very complicated compounds containing 

up „ hvflVocyen oxvcen nitrogen, and sometimes phosphorus, 
very comphcated chemic^ structure 

bmLn Ld the separate beads pass 

'"Each u:sue‘''oJ"orgIn°has a special protein pattern and collects 
r u Lirtrl- of beads which it wants to assemble this pattern. 
Tnfmal^rott nf contain the beads in the most suitable propor- 
Heads which do not fit into the patterns, or any excess 
1 ..rn, Iin as fuel Plant proteins contain the same 

if r sx 

^Taiu s'mthesise their proteins, bu, animals must get their 
1 lariii > j either from plants or animals. 

’"Dur'inrihe War, when the shortage of protein foods becan^ 

^ ^IPrermanv the rapid growth of micro-organisms, in whu h 
acute in (.ermar^> , tne rap & . Mineral yeast.’ a species 

grows ra’pidly on a liquid containing sugars and 
of Torula grows proteins, and the organism 

v^rna/^s can build up a product containing fat. 

'’Xm th'in rhyki^dl of protein have been isolated and stu^died 
and there are probably enormous numbers of thern. As lar as 
we know ev^rV kind of protein can be broken up by hydroUs.^ 
Cn Ao%) into a^number of simpler molecules, just as starch ma> 
he' broken up into numbers of glucose molecules, but the simpler 
^ from the protein are not all alike, as are the glucose 

molecules The simpler molecular components of the large 
molecules. are called amino-acicb. because each molecule 

SsThe“:tt::;orp -NH„ and the carboxyl racfical of all 



544 


EVERYDAY CHEMISTRY 


organic acids, — COOH. Thus they act at the same time as 
weak bases (because of the presence of the residue of ammonia, 
- NHo) and also as weak acids, because of the - COOH group. 
The proteins seem to contain substituted polypeptide chains of 
thetype -CO - NH - CH2 - CO - NH - . 

About twenty different kinds of amino-acids have been dis- 
tinguished in various kinds of proteins, different proteins con- 
taining different groups of amino-acids. It has been calculated 
by Abderhalden that these twenty amino-acids could form at least 
2,432,902,008,176,640,000 different compounds, so that there is 
every possibility of building up the great number of proteins found 
in plants and animals, each showing specific reactions in respect 
of antibody formation (p. 556)» from a few simpler constituents. 

Not all animal proteins can serve in nutrition: egg albumin, 
for instance, contained in white of egg, can serve as a sole protein 
food, but gelatin cannot. The body can make its ammo-acids 
from other proteins, with one or two e.xceptions. These e.xcep- 
tional amino-acid groups must be supplied to it ready made, 
and they are not in gelatin. 

Although proteins can supply heat, as mentioned, this is not 
economical, since heat may be more cheaply, and probably more 
easily, developed by carbohydrates and fats. Manual workers 
do not require large amounts of meat, but can just as well obtain 
llieir energy from fats and carbohydrates. 

A familiar protein is albumin, contained in solution in the 
white of egg. It is a colloid but has been obtained in a crystalline 
form. Sorensen has determined the molecular weight of 
albumin as 34,000 by direct osmotic pressure measurement, 
and the same value has been found by Svedberg by a sedimen- 
tation method. Albumin is coagulated and rendered insoluble 
in water by heating. Vegetable albumins are s\Tithesised in 
plants from inorganic materials. 

An industrially important protein is casein, obtained from 
milk. It is separated from milk, from which as much cream as 
possible has been removed, by adding an acid such as sulphuric 
or acetic, or by rennet, an extract from the mucous membrane of 
the stomach of the calf containing an enzyme rennin, which is 
somewhat similar to pep.sin (p. 551). The curd is separated, 
washed, and dried. Casein is a protein containing about o-S per 
cent, of phosphorus ; it is insoluble in water and is supposed to 
be contained in solution in the milk in the form of a soluble 
calcium salt, since it is acidic in character and dissolves in weak 
alkalies. 



545 


ENERGY VALUES OF FOODS 


Casein is used in making patent foods {P/asmon, Sanatogen, 
etc.) and casein plastics. The latter are produced by mixing 
coagulated casein with formaldehyde and subjecting the rnass 
to great pressure, when it torms a hard solid^ called galautn^ 
similar to horn, from which combs, imitation amber and 
ivory electrical insulators, umbrella handles, buttons, etc., are 
made Unlike celluloid it is not inflammable, but it is not 
elastic. Casein is also used in making size and (mixed with 
slaked lime and pigments) water paints. It is a constituent 
of cheese, which is made by curdling a partly soured milk 
(except for soft chce.ses, when fresh milk or cream is ^sed) 'Mth 
rennet, pressing the curd (which contains the butter fat) and 
allowing it to ‘ ripen,' when various enzymes act upon it, rendering 
it digesfible and palatable. Camembert and Limburger cheeses 
contain small amounts of indole, a substance of unpleasant 
odour. Gorgonzola and Stilton cheeses contain growths of a 

PpTiicilltUtn iildUCU^fi ^ « i 

Energy values of foods.— The energy value of a food 
determined by burning it u ith oxygen in a calorimeter. Experl- 
menirmade bv Atwater and others have proved (as we should 
expect) that the heat evolved in the calorimeter is the same as 
thlt given out bv foods during combustion in the body. This was 
suspfeted by Lavoisier, who carried out exiienments on re.spira- 
tioif(l-'ig. 28’.), which were interrupted by his untimcl) vlC‘“b. 

The average heats of combustion in kilogram calories pt 
eJ,rare carbohvdrates 4 i fats 9 ; P™teins 4, when u 
fllowance for incomplete oxidation (e.^ 

omm’of to ul.er or margarine) will furnish as 

rucH-n^-rg; .aJ over' tl-o grams of pro'jein or carbohydrale^ 
The corresponding numbers in kilogram calories per pou„J 
froundXofT) re: fals 4000, carbohydrates i8co proteins 1800. 

' Muscular energy can jusfas well be got from fats and carbo- 
hvdraies as from proteins, and ‘ any reasonable combination of 
foodstuffs given in sufficient abundance to ‘be c-nerg> 


mntoe^r'wail lin^; ;;Vminly supply an ample amount of 

^Sherm nl -Since fats and carbohydrates can replace 

protein e'xcep" for nitrogen maintenance, there is a minimum 

^ • rAmpnt whic h has ►been estimated on a gent 

protem requirement, \s nic n nas vv.>iirht nn 


minimum 
rous 

protein requixemeni, ^ Y”' ,to„es) body weight per 24 

hours.*^ The energy requirement for a man absolutely at rest 

difference I? opinion on the matter. 
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has been estimated as 2000 kg. cal. per 24 hours ; this is called 
the basal metabolism. The extra energy required as food 
depends on the amount of work done. About 10 per cent, must 
be added to the food as purchased to allow for waste and refuse. 
The following figures are the net energy and food (the first-figure 
increased by 10 per cent.) requirements for different classes of 
workers, in each case for an ‘ average man ’ of 25-50 years of 
age, weight 1450- lb., height 5 ft. 7-4 in., in good health. 


Energy requirement Food requirement 


Type of worker 

in kg. cal. 

in kg. cal. 

Tailor - - . - 

2500 

2750 

Bookbinder - - - 

2800 

3100 

Metal worker or carpenter 

3200 

3500 

Painter - - - - 

3250 

3600 

Stonemason - - - 

4400 

4S50 

Woodcutter - - - 

5000 

5500 


The average male brain worker is amply supplied by a diet 
vielding 2200-2600 kg. cal. ; the average working woman 
requires 2650 kg. cal. per day, and the sedentary woman 2100 
kg. cal. Growing children require large amounts in proportion 
10 ihcir weight : a boy of 16-20 years of age requires 3800 
kg. cal., and 3200 kg. cal. at the age of 13-15, as much as an 
adult manual worker. A girl of the age 16-20 requires 2400 
kg. cal., with 2800 at the age of 13-15. Nursing mothers also 
recjuire more food than that quoted for average women. 

riic weights of various foods necessary to supply tlic energy 
requirements are given below in oz. to supply one hundred 
kg. cal. : 


Beefsteak 

• 2-3 

' Whole ' wheat 

I'O 

Apples - 

- 5-6 

Lean ham 

- 1-2 

Wheat flour - 

PO 

Almonds 

- 0-5 

Bacon 

- 0*6 

White bread - 

1-3 

Olive oil 

- 0-4 

Salmon - 

• 17 

Cabbage 

I PI 

Sugar 

- 0-9 

Oatmeal - 

- 0*9 

Potatoes 

4-2 




The chart in Fig. 340 gives the compositions of some common 
foods. 

Mineral requirements. — The percentage composition of the 
average human body is as follows : 

O C M N Ca P K S Na Cl Rest 
()5 iS 10 3 1-5 I 0-35 o-’5 015 0-15 1-6 

To supply the mineral requirements the day's food will probably 
contain o-S-i-S; gm. of calcium, o-iq-o-b; gm. of magnesium, 
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Whole Egg 


White Bread 


Water: 73,7 > l_. 


Protein- 74.8 
Pat: 10.5 

Ash: 1.0 



Water: 35. 3 

protein: 9.2 
fat: 1.3 

Carbohydrates: 53.1 
Ash: 1.1 


* 
I 


V ■ 

jjil; 

1 1 

1 ' i 


% 

'is "1 

iliii' 

IJ 1 


!l 1 




fuet Vaiue; 
695 calories 
oer pound 


fuel Value: 
1180 calories 
per pound 



Beef Steak 
Edible Portion 


Whole Milk 


Water: 01.9 


Water: 67.0 

Proteir\: 3.6 
Carbohydrates: 6.0 



c 


Put: 4.0 
Ash 0.7 


fuel Valve: 
31$ calories 
per pound 


Protein: 16.6 

Pat. 18.5 



fuel Value: 
1100 calories 
per pound 

Oatmeal 

Cooked 



Potato Protein: 2.2 
Fat: 0.1 



c 


Ash: 1.0 

Carbohydrates: US 

Water: 78.3 

Fuel lvalue: 

375 calories 
per pound 


Proteirt: 2.8 



Water: 8-i.S 


Fat.O.S 


Carbohydrates 
11.5 


Ash: 0.7 

fuel Value: 
260 calories 
per pound 


D 






Fat 


Protein 


Water Carbohydrates 

Fig. 340 — Composition of Foods 



Ash 
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o'ois gm. of iron, and i*43-6-S4 gm. of potassium. The calcium 
requirement (for bone) may not be met, especially in growing 
children, if unsuitable foods are taken. The body can probably 
supply all its phosphorus requirements from inorganic phos- 
phates in food. 

Another important mineral requirement is iodine. Iron is also 
essential for the red haemoglobin of the blood and cell nuclei. 

Wholemeal contains more iron than white bread, yet less iron 
is absorbed from a wholemeal than from a white bread diet, this 
being the result of a larger amount in the former of phytic acid, 
which also hinders calcium absorption, and calcium carbonate 
has been added to wholemeal flour. In addition to its dietetic 
value, a high protein intake improves the absorption of iron, and 
meat and fish are also the main sources of nicotinic acid, one of the 
B vitamins (p. 550). Low protein diet decreases resistance to dis- 
ease and may be associated with mental confusion and diarrhoea. 

Vitamins. — Since about 1912 it has become clear that the health 
and growth of animals are dependent upon the presence in food 
ot small amounts of substances to which the name vitamins has 


been given. These are present in fresh foods of various kinds. 
The fact that fresh foods or fruit juices are necessary for the 
preservation of health has long been known in the case of men 
making long sea voyages in which preserved foods, such as 
salt pork, or wheat flour, are often the only ones available. 

Lind, an English writer on scurvy, knew in 1757 that it was 
prevented by lemon or orange juice (lime juice is much less 
effective). Captain Cook in 1772 kept his crew in good health 
iii a voyage of three years by giving them fresh food (scurvy is 
also jjrevenled by freshly killed meat), whilst Vasco da Gama in 
his voyage round the Cape of Good Hope in 1498 lost 100 men 
out ot lOo trom scurvy. This disease was eliminated in the Navy 
■ ^ ue of I oz. of lemon juice, ^ oz. being found 

insuftii'ieni. Cod liver oil was used to cure rickets in Manchester 
Intirrn;iry from 1772. 

Ill Asi.it ic countries where rice is largelv eaten, a disease called 
heri heri (a form of polyneuritis) may develop by the use of 
whiii; cir polished rice, the vitamins being present in the rice 
grrm or embryo, which is removed in polishing. Birds fed on 
pohdicd rice develop polyneuritis, but are rapidly cured by 
leedmg with whole rice or rice polishings. 

Several vitamins are now known in the pure state and many 
liave been synthesised. 


Vitamin A (formerly called fat-soluble ..4) promotes growth ; 
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SS, '*%?:'£» i,™. ,h.J..™.A^9; 

vegetable ° phv in the sea. The only 

mately vegetable, Mz.b the p ^ halibut liver 

part of the fish rich in ' ^ ' Vr dinarv cod liver oil. The 
Sil is considerably r.chcr nr ■' ‘h-n o^nary cod 

next richer sources and 

amounts arc present in n • ’prevents rickets is not 

tomatoes. The dietary in vitamin A in the diet 

vitamin A, but vitamin y- resistance to bacterial infection, 
is associated with a Iwe e 'established independently in 

The existence of by Osborne and Mendel. 

1913 by McCollum and Uc • present, in dimi- 

Vitamin A is lairl) re^ . contain it in the raw 

nished amounts, , A in a fat or oil is estimated from 

state. The amount ot Mtamii hy antimony tn- 

called a-, and y * * . j molecules of 

nature : it is com e d rise to one molecule only, 

vitamin A, whiU a- ^ related tocarotene. is contained in the 
CAKtf a pig is assoi iated with a re- 

rctinaofiheeye,anddytit - j j-ple, and night blindness, 

.arda.km in regencruuon^of u.ual pj^^. 

Vitamin B (formcrl> . widely distributed in many natural 
id promoting occurs in veast. in the germ of 

foods, especially in spinach, add plant roots, hut not 

rice and of wheat, in . ’ ^ ’ Ithough it U present in whole 

in polished -«• Tf ’vturnTn" B wcrl rccogn.scd by 

wheat flour Goldberg and TiHie in 1926 and others 

Eijkman m J a\ ^ i” (^haj^iin H consists of .several factors, 
since have sho\\n tha . j prevents beri-beri ; U is dc- 

ViUmia B, S^vnthetic crystalline vitamin 

ifS'itH JSSS’o "S^HA iib-.'l 
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CisHjjON^SCOH). Vitamin Bg, deficiency of which leads to 
blurred vision, dermatitis, loss of hair, pellagra, and general 
lowered tone of health, is strongly fluorescent and is identical 
with the yellow pigment riboflavin or lacioflavin, Ci7H2oOeN4, 
present in milk whey (i gm. in lo tons) ; it is stable at 120®. 
Nicotinic acid is CgH^OgN, deficiency of which leads to pellagra, 
and in severe cases hallucinations and dementia. Vitamin Bg, or 
pyredoxene, is CgHnOgN, which relieves certain neuro-muscular 
symptoms and some types of muscular dystrophy. 

Vitamin C {water soluble C) is the antiscorbutic vitamin^ pre- 
venting scurvy. The principal sources are fresh fruits and 
vegetables, especially paprika (Hungarian red pepper), lemon, 
orange and tomato fruits ; the juice of tinned tomatoes, cooked 
in the absence of air, is still quite rich in vitamin C, although it 
tends to be destroyed on cooking or storing food. It is also 
present in fresh-killed meat and fresh milk, but pasteurised milk 
may lead to scurvy in children unless accompanied by orange 
juice. The potato is a poor source of vitamin C, but one orange a 
day provides an adequate supply of it. The acid in lemon juice 
does not prevent scurvy, as it may be neutralised and precipitated 
by adding chalk without affecting the vitamin C content of the 
juice. Vitamin C is widely distributed in plants and animals ; it 
is more stable in acid solution. It is identical with the cr)'stalUne 
luiorhic acid, CgH^Og, isolated in 1920 by Szent-Gyorgi from 
ihvmus and adrenal glands and later from fresh paprika fruit. 

Vitamin D {antirachitic vitamin), discovered by Mcllanby in 
1921, prevents rickets and is a powerful growth stimulant. 
Rickets is due to lack of calcium phosphate deposition in bones. 
\ itamin D is present in fish liver oils, yeast, fat and butter. Its 
action is dependent upon an adequate supply of vitamin A. 

Stcenbock and collaborators showed in 1924 that fats and oils 
became antirachitic on exposure to ultra-violet light, and that 
(his was associated witli the presence of a precursor called a 
.sterol. One such precursor is ergosterol, which is present in 
ergot of r)’e, yeast and fungi, another is a derivative of cholesterol 
(a constituent of brain tissue), and each yields a corresponding 
form of vitamin D on exposure to ultra-violet light. Irradiated 
sterol preparations for human use are on the market. The 
cry>ialline calciferol, C28H44O, isolated from irradiated ergo- 
.Nterol, is known as vitamin Dj ; it is toxic in large doses and its 
activity is destroyed on heating at 190® or by prolonged irradia- 
tion. Vitamin D is normally formed in the body by exposure of 
the skin, which contains sterols, to direct sunlight. 
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rr/oxy“ g co-^p^und^ shoeing vUamin E activity, the 

“■ Ho™*'onef-TheTnternal glands in the body produce secretions 
wldch sotnctimes contain phystologically i.,torttnU substances 

called hormones. Thyrorm. Ci5HjjU4. 4. -md deficiency 

thesised, is secreted W.''- ‘hyro.d g^ 

of it gives rise to cretinism and gland niav 

cured by giving 'hyro.d pr<diarauons.^,^l^^ compounds^ Lack of 

contain other physiologica y . , thyroid gland, pro- 

iodine in the diet causes enlarge nent o 

ducing goitre. Adrenalm. ^ , " lies Ivin 

glands kno\vn as the adrenaU. o 1 ti\e' blood and 

the kidneys. Adrcnalm increa.^ 

stimulates the sympathetic , , j j^vo optically 

function with l^alai^sth^ics . 9 ). Uovo- 

activc forms (p. 5 M). V _ nhysiologically a> dextro- 

adrcnalin, which is tweh c ' ‘ complex protein derivative 

adrenalin ^^•";^‘;;^^*VdrenLuIVlK " beln synthcMsed. is 
and (unlike thyroxin ar ^ Deficiency of insulin gives 

fsriiS ES”: t-i’ st'Vp.*™,. .< 

nutrition is solved b> tnc ‘‘b > There were two early theories 

body which constitute f it wL closely 
of digestion. Van conddered 

related to fermentation, " ^ j j trituration, the force ot the 

that it was a process^ of mcchanica^im^ 

muscular walls Enclosed in perforated silver spheres 

Reaumur showed th. and Spallanzani found that the 

Thml^e^d^Th^/r iuicc .as due m a 
™"‘^pr:ca K- - in^he weakly alkaline sahva, 
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continues for i-2 hours in the stomach, since owing to segrega* 
tion the swallowed food does not mix immediately with the acid 
gastric juice, which would arrest the activity of the ptyalin. By 
the motion of the walls of the stomach the food is gradually 
pushed towards the pylorus, or entry to the intestines. ^ In its 
passage it becomes mixed with the gastric juice, containing 0-4 
to O' 5 per cent, of free hydrochloric acid, and the enzyme pepsin 

present in the juice secreted by 
the walls of the stomach. The 
pepsin hydrolyses the proteins 
to some extent, splitting them 
into soluble simpler fragments 
called proteoses and peptones. 
The acid semi-fluid mass of 
partly digested food, called 
chymey is passed in portions 
through the pylorus into the 
small intestine. Usually all 
the food has passed through 
the stomach in 6 or 7 hours. 

The chyme lies in the curve 
of the duodenum of the small 
intestine, where it becomes 
mixed with three fluids : (i) 
bile from the gall bladder, 
(ii) pancreatic juice from the 
pancreas, and (iii) intestinal 
juice from the walls of the 
small intestine. These are all 
alkaline and neutralise^ the 
acidity of the gastric juice. 
The outflow of pancreatic juice 
occurs as soon as the acid 
rhyme, entering tlirough the pylorus, acts on some constituent 
of the niU('ous membrane of the intestine and produces 
a hormone called secretin, which is absorbed by the blood, 
passes in the blood stream to the pancreas, and stimulates the 
Ilow of pancrcatii' juice. Tlie hormone is thus a material 
mC'^Men^er carried in the blood to the pancreas to announce 
that the assistance of the latter is required. The pancreatic 
iui* e < nntains in alkaline solution three enzymes : trypsin, 
amylase, and lipase. The bile, slightly alkaline, is secreted by 
the liver and is poured out from the gall bladder into the intestine. 



Fir.. 3.^1 . — Diagram of Digestive 

System. 
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It probably acts by emulsifying fats so as to .luring them into 
intimate contact with enzymes. The intestinal juice is distin. tlv 
alkaline and contains the enzymes erepsin, sucrase. maltase and 

rm"y^a^^e“f?heTanc“ice splits starch into maltose 
(ma\t suear) ■ the tn'P^^n splits proteins into proteoses, peptone> 

amino-acids and perhaps esjn “mmonu. ; the suemse sph s 
cane sugar ,-.0 glucose ^and_^^fructo^ . 

“n^t^ -S- Wh'i’h 

U ^ ^ orni^e^;^-ung 

Sr Tl^rsecrehon of the hnestinal juice, like that of the 

pancreatic juice^is^stimulamd hv ^-mones 

f ^ 1 the e irbohytlrates of the food have been con- 

possibly others), t ^ jrlycerol. and 

verted into glucost, the » Misorotion of these into the 

the proteins into ' 11^ of^hc intestine, whilst the 

blood then occurs inio the large 

residue the latter secrete an alkaline liquid 

intestine. 1 he \%aiis oi Aiao^t'we chances, but so far 

which helps the intestine, 

as is known, no other en/.\m s ‘ to faeces which are 

r^sS^di^rr,:^ drnm't myta^m^-ey perhaps che. k 

^he devefopment 'f t^ giuco.se. f.uty 
We must now ‘ uusi hr 

acids, g'ycc;c"l, and a ,he blood from the 

resolved. Much of th p 

capillaries of the inttst . ‘e(..,ii'ir starch-like substance eidled 

in the liver in the form of 

glycogen, which /r H O 1 is a white amor])hous 

' l^^S^hc^mSon wttl. leater. 

powder like staren, oul ,,:..i,i ohieose 1 he reser\e 

It is hydrolysed by ^ |“y‘ parses into*’ the blood again as 
store of gDjogen an enzyme in the lixer. 

gluX roxidlsed in th?. 'mufcles so as to produce «//r>„uA/v 
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carbon dioxide and water (p. 424) and heat. Some of it may 
also produce fat, which is stored in the tissues. Glycogen is 
also stored in muscles. 

The mechanism of the contraction of muscle and the source of 
muscular energy are not at present very clear and are probably 
complex in detail. It was formerly thought that lactic acidy 
CH3CH(0H)C00H, and phosphoric acid were formed during 
the contraction of muscle, the lactic acid passing back into 
glycogen during the relaxation period, and at the same time 
some glucose formed from the glycogen with the lactic acid was 
supposed to be oxidised. An outline of the modem explanation 
is as follows. 

The muscles of vertebrates contain about 0'4 per cent, of 
creaiincy an aminoacid (p. 543) isolated from meat ext'act by 
Chcvreul in 1843. This forms with phosphoric acid the com- 

/NH. .NHPO3H. 

HN=C( HN=C 

\N(CH3)CH2C00H \N(CH3)CH2C00H 

creatine phosphagen 

pound creatine phosphoric acid, or phosphagen. The energy of 
muscle contraction is derived from the splitting of phosphagen, 
which is rc-synthesised during the muscle recovery phase. The 
energy for this synthesis is 120 cal. per gm. H3PO4, and is 
derived from the breakdown of glycogen into lactic acid, 200 cal. 
per gm. lactic acid. In pre>cnce of oxygen the lactic acid dis- 
appears. mostly by re-synthesis of glycogen, although some is 
oxidised. 

We must next consider what happens to the fatty acids and 
glycerol formed by the digestion of fats. These recombine 
after passage through the walls of the intestine to form fats, 
which, in very fine globules, are taken up by the lymph vessels 
and poured into the blood with the lymph. It seems as if 
it were necessary for the fats to be split into fatty acids and 
glycerol in order to get them to pass through the intestinal wall. 
The re formed fat then passes to the tissues from the blood. 
The fatly acids may be redistributed in the recombination 
proces.s. 

I'he amino-acids are regrouped to form body tissues in the 
way described. Those not required are decomposed by enzymes 
in the liver ; the nitrogen is split off in the form of ammonia, 
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and this with the carbonic acid always present in blood, is 
converted into urea. CON 2 H 4 , which is excreted m the urine. 
In this way the waste proteins are got rid of. 

It will be seen that the series of chemical changes occur- 
ring in the animal bodv during the digestion of food is vei^’ 
complex and extremelv interesting. It is obviously impossiWe 
to consider any further details here. Only a minor pijrt o the 
digestive process occurs in the stomach, which as ha> been 
shown by direct observation, is not essential to digestion and 

secretion. 

Pathological chemistry.-The chemical changes occurring m 
the body in a state of health have been briefly considered. In 
disease '^ther conditions arise which, in so far as they may be 
ex^fned by chemical changes, form the subject of pathologicrd 

For many centuries the guiding theory in medirine 
waT^the humoral pathology associated with the name of 
Hinnokrates (ato n c.), in which it was assumed that disease 

s "....cd rV’di— 0. jres 

developed p ^ 3 principal guide in European 

whkh'l^^s^fi^stlargel^eril^d from Greek sources 

l^e^ alti^her fnatles.' ^ ^ 

^i?;^nt:p:yed - 

an excess * alkali in the duodenum. He com])ared 

S rnterro‘ro?tle'’taHous juices of the organs with similar 

'■'=Thrdis°covelTormTro'“r^ Leeuwenhoek in .08, 

was not suffident.y -'-ttcom^ "HeL';%h:f are 

ir.rmly eau^^ ^ 

llTferon IS a^^oft^n specifie in particular diseases. The 
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work of Pasteur and Koch was especially important in the 
development of this study. 

Immunity.— Since the living body is constantly exposed to 
bacteria, it is clear that there must be some function of the lmng 
tissue which enables it to resist the attacks of its bacterial in- 
vaders. This is called immunity. It is now generally admitted 
that immunity is mostly secured by the manufacture of chemical 
substances of unknown composition in the tissues, and that 
these act on the living bacteria. When the blood serum (t.e., the 
clear liquid in which the blood corpuscles are suspended) of a 
patient recently recovered from typhoid is added to a suspension 
of living typhoid bacilli, the latter lose their power of move- 
ment and clump together, or become agglutinated : they are 
killed. This bactericidal action of the serum, which occurs 
only in presence of small amounts of salts, depends on the 
presence of ^wo constituents in the immune serum : (i) the 
amboceptor, which unites the living bacterial cell to (ii) the agent 
toxic to it. called the complement (sometimes alexin). The com- 
plement is present in normal serum. 

Diphtheria and tetanus bacilli produce their harmful effects 
bv secreting and giving off soluble poisons called toxins. By 
injecting successive small quantities of suspensions of the dead 
bacilli into the blood of an animal, an antitoxin is built up, and 
the scrum of the blood containing the antitoxin can then be used 
bv injection as a remedy for diphtheria or tetanus. Most other 
bacteria, however, liberate their poisonous products only when 
they die and disintegrate, and they do not give them off into 
the blood ; against these endotoxins no specific antitoxins have 
been produced. Toxins and antito.xins are'specific, and although 
adsorption probably first brings together the toxin and the 
antitoxin, some chemical reaction between them perhap.s occurs 
subsequently. Antibodies are produced by other agents than 
toxins, called antigens, since they give rise to antibodies, and 
the relation is specific. If human serum is injected into a 
rabbit, the .serum of the latter gives a white precipitate with 
human serum, and to a less extent with ape’s serum, but not 
with the sera of other animals. This can be used as a test for 
bloodstains. 

Aatitoiia sera act on the toxins produced by specific bacteria ; 
the principal kinds arc tho.se used against the toxins of diphtheria, 
tetanus, botulism, and bacterial dysentery. Antibacterial sera act 
on bacteria themselves: the principal varieties are those of 
streptococcus, typhus, cholera, and tuberculosis. 
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Difficulty is caused in the intravenous administration of .sera 
containing proteins foreign to human blood serum by the 
XnomeLn TanaphylaxS. If a small amount of foreign 
Xtein (ee egg albumin) is injected, the body become^ extra 
Karily ^enlive to a further dose of //;c 

dose of 0-000,000,05 gm. of egg albumin ‘ 

pig so that it will die if 1-2 mgm. of albumin are ^utn a 

^^^The soecific substance present in a scrum is called the ambo- 

pSSlHliliiSS 

and producing bacteria i> 

other hand. WTien a susptnMon j ,ivTt the white corpuscles 

is r 

but the bacteria are not ° ' ■ i'^numised animal, /.e.. 

But if the bacteria are injected into an n n un 

one which has I JJ leucocytes now ab^or^) 

kind of bacteria, then it is foun - yUgschnikofl 

the bacteria. Leucocytes of this ‘ oo^cd to inoclm e 

phagocytes, and the \vhich make the bacteria 

‘suitable’ for ingestion by il (fat-splitting 

gradually dissolved. in re^sting tuberculosis, as ii 

enzyme) which may be important 'V*;;' ‘‘bicilUis. 
dissolves the fatty envelope ot t ^ of an animal 

Ehrlich supposed that the p • ' j antigeid whii li 

have an affinity for 

gives rise to the aniibod\, • those on ihc nrotoplas- 

fining together 

antigen the haptophore group- of the to.xm wnli 

caused by the union of the hap 1 , ^ ji, ilu-re 

the receptor groups of the P''" ,j\oxin i- t'ever poi>onou> 
may not be an affinity between _ 'ntor group- fuliil phy-'io- 

to i// animals. The protoplasma receptor 

logical functions and when ^ p.(over\ ensues by 

animal cannot fulfil these prop - toxin do-e is too 

regeneration of receptor grouj s rccentor grouj).- arc 

large. By repeated doses of tox n u n.M I 

formed in such large ' .i in .lie bloo.l then 

and constitute the antibody. Tht aiitiiox. 

T 

P,C.C. 
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saturates the haptophore groups of the toxin so that it cannot 
unite with the protoplasm of the cells. 

Poisons like prussic acid or alkaloids do not act as 
antigens, i.e., they do not generate antibodies when injected 
into the blood, whilst toxic proteins have this properly. 

Antigens are nearly always proteins ; the chemical nature 
of antibodies is unknown, but they are generally assumed to 
he proteins. They are formed in many parts of the body, 
but how. by what cells, and by what processes, is not known. 
Their existence is inferred from the effects they produce, 
as is also the case with enzymes. It is also not certain 
wliethcr there are specific antibodies (agglutinin, precipitin, 
amboceptor), or whether a single antibody may produce 
the different reactions in different circumstances. It is 
prohal)le, however, that there are two different groups of 
antibodies : (i) antitoxins, neutralising toxic antigens, and 

(ii) those (or, it may be. that) producing agglutination, precipi- 
tation, and lysis. 


Venoms. — The toxic constituents of snake venom are protein in 
character, and are coagulated on heating like albumin of while 
of egg. They are complex mixtures, containing constituents 
whii h paralyse the voluntary muscles and the muscles of the 
heart and respiratory centres, cause solution of the red and 
white hlooil corpuscles, and destroy the anti-bacterial properties 
of llie blood. The venom is active wlien injected into a blood 
vc'S'cl. it is rapidly al)sorl)ed by the eye, but lakes some time to 
act il introduced lielow the skin, and some venoms are inactive 
wlicn taken l)y the mouth, provided there are no cracks or 
al>ra';ons. Scarj)i(*n and >|jider venoms are probably proteins, 
lho>e ot mo-cjuiios and gnats are probablv the products of 
barteria and moulds in the asophagal sacs, that of bees is a 
prot* in tn.e organic base. (Tlie formic acid inicctcd by the 
<'t bec>, ants. etc.. i> probably not the active toxin.) Manv 
iMi are f)oi>onous by their bites or by spines connected with 
>pri ial glamls ; toads and salamanders have acid and basic 
I'lii-tai- in the >kin glands, and jellyfish and sea anemones have 
stinging glands. Antitoxins to many of these toxins can be 
prejMred. 

Disinfectants and antiseptics.— The destruction of bacteria 
^".lt^ido the body is effected by the use of disinfectants, which 
'ubsiances whicli Kill ha('ieria and their spores and also 
.:il animal parasites. Antiseptics are agents which inhibit 
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the growth of bacteria. In some cases bacteria and other 
lower organisms are killed by special means in such processes as 
brewing in order to prevent the tormation ot undesirable ^ 

by their action. Bacteria, which are minute unicellular organisms 
{protophyld) allied to plants, arc the usual cause of 
phoid, tuberculosis, cholera), but sometimes 
organisms {protozoa) arc the active agents (malaria, 

A distinction is made between aerobic bacteria ''hah require 
Ih^presencrof oxvgen ; anaerobic bacteria, which live only m 
11;: of free oxygen ; and fan.l,aU.e anacrobu bacteria 

(the usual type), which occupy an intermediate position. 

Physical methods of disinfection involve the use of heat, 
light dryness and radium. Sunlight has a particular \ power 
ful effetT ■ exposure for a few hours will generally kill bacteria^ 
Ultra-violet light is also very active m sterilising transparent 
liouids silch as water : radium rays arc active only m thin 
layers of material. Steam or ' moist ' heat is 

to steam tvilT kill bacteria, but their 

is not eflfcctiyc : bacteria still live in materials a » " ’I’"'', “ ir 

of liquid air, and the object of relngeration is to cluck 

development rather than to kill them. hich is very 

Chemical disinfectants include ozone, chlorine (whuh is \*.r\ 

in fruit plantation.s), and tormaUkh . < , hlorine* hvpo- 

state ; disinfectants used in soMu„- include 

chlorites (such as bleaching powder), i< i ' neTOxide. 

formic and hydronuosilicic), 

other peroxides, alkalies, soaj^ ,i,inioilide of 


rilUUML y 

^ 'w r rcsols (tOUtlcl in 

bolic acid’), and relateil ,ol). etc. Tbe 

certain tar fractions and more i)o\Ner u ^ I soap, 

cresols are sparingly soluble and are 

for use, or eise ^nyerted into so ulde q-sinfeetants 

ment with sulphuric acid, v 

have trade names V Jcyos fluid, «..(1 [^y romparinj? 

tbJ“o;^s:;mi;:;^t^hr^‘jn^^ 

with that of solutions of phenol {/^u/ea/H atUr . ). 
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The addition of ammonia to solutions of chlorine or hypo- 
chlorites increases their disinfecting power, owing to the for- 
mation of chloramine, NH2CI. 

Antibacterial drugs. — Successful antibacterial drugs must 
destroy bacteria without injuring the delicate human tissues, and 
many substances which kill bacteria are too toxic for human use. 
The action of antibacterial agents may be bactericidal, when the 
bacteria are killed, or bacteriostatic, when the rapid growth of 
organisms is prevented, and the normal body-protective mechan- 
ism is given a chance to function successfully. Modern anti- 
l)actcrial drugs include the sulphouamides and antibiotics, 
which exhibit very little toxicity to the human body. They are 
primarily bacteriostatic, direct bactericidal effects not being pos- 
sible with the concentrations of the drugs reached in the tissues. 

The sulphonamide drugs are derivatives, or potential deriva- 
tives, of the compound sulphanilamide, having the formula 
S()2N'H2 . CgH* . NHj. the two substituent groups being in the 
j)ara-position (p. 522) in the benzene ring. There has been much 
research on this group since 1935, and the production of sulph- 
anilamidc is now very extensive. Over a thousand derivatives of 
it have been studied, and the products arc used in treating a 
variety of infections, such as tonsilitis, pneumonia, meningitis, etc. 
rhe sulphonamides affect the normal intestinal bacteria which in 
some persons produce small amounts of the vitamin B complex. 

Tlie study of antibiotics was foreshadowed by Pasteur, who 
suggested that certain bacterial products should be effective in 
destroying other bacteria, a result called ‘ bacterial antagonism 
Antibacterial substances produced by moulds and bacteria arc 
sometimes called antibiotic.s. Tollowing the work of Fleming 
and I- lory in England, a chemical substance called penicUlm has been 
preparecl in a state of purity. Penicillin is the sodium or calcium 
salt of an acid produced when Pcnicillum notatum or other related 
moulds are grown under appropriate conditions on or in a culture 
medium. \Vhen pure it is white solid, ver\’ soluble in water, con- 
taining tobn unit doses per mg. It is made on the large scale. It 
must be -stored at a temperature not above 10®. Penicillin is re- 
inarkal)le in being so non-toxic to the human body that relatively 
high concentrations could be maintained in the blood and tissues 


lor .'cver.d dav.s, and vet at the 


same time is the most active bacterio- 


>iati. .igcnt yet known against a number of deleterious organisms. 

Besides penicillin, other antibiotics are known. Streptomycin, 
['irmed in Attinonvees fermentations, is said to have a curative 


.iction against some forms of tuberculosis. 



CHAPTER XXX 

THE METALS. THE ALKALI IMETALS 
. Occurrence of n>etals.-A few metals 

copper, sometimes occur are ca 

In othercases the metals occur as p carbonates 

These are frequently oxides ( of copper, zinc. lead 

of copper and iron), and sul^ compound of a 

and mercury). It does not cnit-ible for the extraction 

metal which occurs t „^etal Tor example, iron 

(‘ smelting ’ or wmnma > of iron and is not 

pyrites (FeS,) is not.suitab e 
called an ‘ ore ’ of iron althou^i some 

burnt pyrites left in su phuru a^J^^^ deposited, along with the 

metals are supposed to h< solutions of the materials of 

gangue "’‘""“I," parts of the veins, not exposed 

the primary rocks. 1 ht lo i ^ exposed 

to oxidation, contain ’ • o^rcolating from the surface 

to water containing dissolved “ 

contain sulphates, ^ 3 '.I'l-lie'nunhod of extraction from 

♦Winning metals from ores. luiiure of the ore. 

the ore varies with the particuh reduced by carbon 

Generally speaking, oxide in air to form tlie 

’ to the metal; ^'^rbonates are fi t 

oxides, which are ‘'Lu,' dioxide being evolved, an^ 

roasted in air to the ® ' I (- .rhon but .--pecia! methods 

the oxides ntay be nns Jo, ky i.npnn.v, 

are sometimes used, Thi.> is removed as 

such as silica or silicates, ‘ ,,„d sometimes 

far as possible by mechanic a t ,s 

{g.v.). To remove the b'^ng .without lluorspar. during 

added, genially die silica to form a fusible mass 

smelting. This combines l,..ldch nnats on the surface of 

e.g., of calcium silicate, crilled shg, generally glassy 

the metal and is easily separated. The slag g 

c;6i 
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but opaque in appearance when solid. Some slags are used as 
road material (‘ road metal ’) and others as fertilisers (p. 422). 

Various types of furnace are used in metallurgy (the extraction 
of metals from ores) : in some cases the temperature at which 
reduction occurs is so high that the electric furnace must be 
used. A few metals {e.g., aluminium) are obtained by the 
electrolysis of fused salts or of solutions, and copper is purified 
in this way. Generally, however, a furnace fired with coke or 
coal is used, the combustion being effected either with natural 
draught, say by a chimney, or by forced blast. 

Metals and non-metals. — The division of elements into metals 
and non-metals is convenient but somewhat arbitrar}’, because 
there are exceptions to most of the definitions of each. The 
following table represents the main features of difference, with 
the important exceptions : 


I. Physical Differences 


Non-metals : 

(1) have no lustre {except 

iodine and graphite) ; 

(2) are not malleable ; 

(3) have no tenacity ; 

(4) have low densities (below 5) ; 

(5) arc poor conductors of heat ; 

(0) are poor conductors of elec- 
tricity (except graphite). 


Metals 

(1) possess a lustre (except in 

powder form, although 
gold, bronze, and alu- 
minium are lustrous even 
as powders) ; 

(2) are malleable (i.e., can be 

hammered into sheets : 
some metals, eg., anti- 
mony and bismuth, are 
I brittle and crush to pow- 
der) : 

(3) have tenacity {i.e., in the 

form of wire they resist 
rupture) : 

(4) have high densities (several 

exceptions: lithium has 
a density of only 0*53 ; 
sodium, potassium, mag- 
nesium, calcium, and 
aluminium have low 
densities) ; 

(5) good conductors of heat 
(some are not very good ) ; 

(6) are good conductors of elec- 

tricity (bismuth and mer- 
cury are not very good). 
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Metals are crystalline : most of them '•*; 

system (cubes, octahedra, etc.). A mass of metal is usual!) a 
cLfused jumble of tiny crystals, but m some cases (bismuth, 
antimony) the crystals are large. A curiosity of great practical 
ntilitv is^the Dossibility of making rods or wires of metaU con 
sS of onriong crystal. The tungsten filaments m some 

sfii: ■; 

lattice (Fig. 142. P- *90) imagine obtain an idea 

"o? rr; t:, 'Vplylng " p-ntial Utfierence the 

electrons move and carrj' the current. 

II. Chemical Differences 

Metals : 


Non-metals : 

(i) form acidic oxides 

SO-. PjO^) : some oxides 
(c.e.,Np) are not acidic ; 


(2) form halogen compounds 
completely decomposed by 
water which are not true 
salts (e.g., PCI5 ; C is 
an exception, as it is not 
decomposed by water) . 


(3) are electronegative elements 
(seep. 211); form amons 
or show hardly an>- elec- 
trochemical properties 
le.g., carbon) ; 


(I) normally form basic oxides 
(c.e./N'asO. t'«0. I'enO,). 
but some (ZnO, .XLt),). 
may act as feebly acidic 
oxides m preseiue cf 
strong bases, and some 
metallic oxides of higher 
valency (CrO^. 
are acidic ; 

l>) form halogen compounds 
stable in presence of water 
(KCl. rWT..) or decomposed 
only to a Hroited extent, 
the decomptisition bcinj; 
reversed byc\cc>sof .icid; 

HiClj-fHp 

^:HiOCl + 2 IK 1 : 

(1) are electropositive elcnienis 
form cations (metals ma\ 
sometimes form part of 

^K' -(-.AgfCNla ) 
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II. Chemical Differences {continued) 

Metals {continued ) : 

(4) fonn complex salts in which 
the metal is sometimes 
present in the acid radi- 
cal (anion) and some- 
times in the basic radical 
{cation) {e.g.^ potassium 
ferrocyanide, K4FeCgN5 
gives ions 4K* and 
FeCgNg"" ; silver am- 
monia chloride, 

Ag(NH3),Cl 

gives ions Ag(NHs)'4 
and GO. 

'^Alloys. — If two or more metals are fused together they usually, 
but not always {e.g . . zinc and lead do not mix except to a limited 
exioni). form a homogeneous liquid, and the intimate association 
of tlie metals which is formed on solidification is called an alloy. 
The name alloy, which was used in this sense by Chaucer, is 
derived from the Latin alligare, mediaeval Latin alloiare, 
‘ to bind to.’ The preparation of alloys by fusion is the method 
most commonly used. The strong compression of finely- 
powdered metals, the simultaneous electro-deposition of the 
metals from a mixed solution {e.g., copper and zinc, in the form 
of bra.'^s. from a solution of the cyanides in potassium cyanide), 
and the reduction of one or more of the metals from compounds 
in the j^resence of the other metal, are alternative processes 
leading to the formation of alloys. Alloys containing mercurv' 
are culled amalgams, perhaps from the Arabic al magma, 
(Gnck ?K/gma), a mixture. 

It is only rarely that a solid alloy is homogeneous ; usually 
the jnet.ds i ry.^taliise out separately or sometimes compounds of 
the metals (e.g. CuMgo, ZogCuo, AlCu) are formed and separate 
out, perhup.s with the pure metals. The structure of the alloy 
mav he coarse (Fig. 34::) or fine (Fig. 343). 

Si mv .dlovs contain solid solutions of two metals. These 
are homogeneous although solid, but are not definite chemical 
compnund.s, although solid solutions of the latter may be 
lormed. 

In nearly all cases one constituent separates before the others, 


Non-metals, {continued) : 

(4) usually do not form complex 
salts. 
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but sometimes a homogeneous alloy is formed P 

cooling (quenching). It is then usually hard and brittle and an 
alloy fcfore use generally requires heat treatment or anneahng. 



Fig ^4^ — PnoioMiCKOf.KArH oi- a 

■ Al.LO^^ 


Coakae-Stki-xtcre 



The heteroRcneous nature of some alloy- 1- li dt's* eii' 
in^MctL metL used for bearings tor engine erank^liattv M- 

rontain hard particles cm 
jcdded in a mass of soft 
netal. The hard particles 
:)ear most of the pressure, 
but as the bearing wears 
Away they are kept troin 
projecting from the mass 
and causing friction, since 
the soft matriaX yields, and 
allows the harder parts 
to sink into the mass. 

These alloys generally have 
fairly low' melting points 
and if a motor engine is 
raced when cold and before 
lubricant is flowing freeh. 
or if lubricant fails, the bear- 
ings ‘run/ /.<?., tbe alloy and ruiuire to be backed 

melts out. They have also no .s U • (- ir^-fullv ’ .'craped ’ 

by other metals, such as bron/e, and then c arete > i 


l-iG — PnoroMjruoGKAeii oi- a 

iYsk-S. uc. .c.u: Aiiov. 
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as so to fit the moving part very exactly. A very Ught fit is 
made in a new engine, and this requires ‘ running in.’ 

A brief general account of some useful alloys has been given 

a table- of some important ones is given 


in the introduction : 
below : 

Name of alloy : 

Bronze and gun- 
metal 

Brass 

.\ntifriction metal 

German silver 

Stellite (very hard 
and non-corrod- 
itiR} 

Stainless steel 
Pewter and solder 
Type metal 

I'usible metal 

Cobalt steel 

Silicon steels 


Metals composing 
alloy: 

Copper and tin 

Copper and zinc 

Copper, tin, and an- 
timony 

Copper, nickel, and 
zinc 

Chromium, tungsten, 
and cobalt 

Iron and chromium 

Tin and lead 

Lead, tin, and anti- 
mony 
• 

Lead, tin, bismuth, 
and cadmium 

Iron with 35 per cent, 
cobalt 

Iron and Silicon 


Uses of alloy : 

Coinage, statuary, 
tough pa’iis of 
machinery 

Sheets, tubes, or- 
naments. 

Bearings 

Numerous 

Surgical instru- 
ments 

Cutlery 

Vessels; soldering 

Printing type 

Safety sprinklers 

Permanent mag- 
nets 

Electromagnets (up 
to 4 per cent. 
Si) ; acid resist- 
ing alloys (up to 
15 per cent. Si). 


Modem utilisation of metals. — Our knowledge of the production 
and applications of metals has enormously increased in recent 
years. At the time when George Stephenson’s locomotive, the 
‘ Rocket.’ was being built in 1829, not only was there no large 
commercial production of metals and alloys of the quality and 
type which we look upon as commonplace to-day, but the actual 
j^roduciion was, to our present-day ideas, ver)' small. The 
wiiole amount of cast iron produced in the world in 1850, before 
the invention of the Bessemer steel process, was only 4.J million 
tons, whilst in 1926 this had grown to over 77 million tons. 
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The amount of steel did not reach half a million tons per annum 
until 1870, whilst in 1926 it had grown to over 90 nullion tons 
‘ Steel ’ and ‘ iron ’ now include a great many varieties, used 
for special purposes. Stephenson’s ‘Rocket’ was built from 
ordinary cast and wrought iron and a small amount ot brass, 
whereas in a modern locomotive 32 different kincU of forgtd 
wrought, and cast steels, 4 kinds of wrought iron, 3 
mallelible and cast iron. 12 kinds of brass 

other metals are used, each being standardised by P^'-t'^lar 
specifications. The engineer, m his calculations, ^ 

exactly the properties of each kind of metal 
Standards Institution specifics over a hundred different 

vll’ufble properties of certain special alloys of iron- 
so-called aUoy steefs (tLgstcn steel, sil.con 

Steen— have oracticallv revolutionised some branches ot civm 
S tL’^uMovs of steel, notably those w.th chronuun, and 

nicket have made possible the mech,imcal r--'' "'';'';’'; " ‘’l; , 

taken place through the autocar and the conun" 

nickel steels for very high-pressure boilers an also conun„ 

"'^;^-idea of the great -J-mag^ of alhiv 

obtained from figures quoted by ir lUnri aver me 

of chisels in the locomotive shops at lei 1 he me r.i.e 

number of old type carbon-steel cbise s i, | , j | ut the 

was l8, whilst the number of modern mckcl-steel eluseb, 

same price, was 1-2. , 1 tn imn and -siocl. 

Progress has by no means been .Sgo, and 

Aluminium was not known commercudh unn! 


m 

h 


Aluminium was nui - - , I 

even in 1913 the world's 

1926 this had risen to 235,000 ton- • ^ I >trcni:t 

have most ™lu.ablc yravitv of ,//</, 

With remarkable lightness. I he spe ^ .uird di it of 'it cl. 
one of these alloy.s, is little more [ 

Such alloys arc widely used for aeronau k-i ' ^ ^ Mudi u^e 
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lighter than those of aluminium. regarded as 

Many metals which until quite recend) rc ^ ^ 

‘rare’ are now finding induMr.a appln 

(which is found i.i most tunc ^ ,r,,mw,.v 

ctwTsf’a^dTn solders and hearutg uumth. 
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Chromium is now used instead of nickel for plating ; it is very 
hard and does not corrode. Tungsten is used in metal filament 
electric lamps, and vanadium and molybdenum are used in 
special alloy steels. A knowledge of the chemistry of the 
* important ’ metals only, which was once sufficient for the 
chemist, is now too narrow, since many of the so-called ‘ rare 
metals ’ may occur in products used in everyday life. In a 
book of this kind it is possible to mention these only very 
briefly. 

The Alkali Metals : Sodium and Potassium 

The alkalies. — It is usual to commence the study of the 
metallic elements with the common alkali metals, sodium and 
potassium, although these metals were not discovered until the 
beginning of the nineteenth century and are rarely seen except 
in the laboratory, whereas copper, gold, silver, and some other 
metals have been known for about 6,000 years. The compounds 
of the alkali metals, however, have been known and used for a 
very long lime, and their chemistry is simple, since these ele- 
ments form only one series of compounds, whereas both copper 
and iron give two distinct series of compounds, the study of which 
is more difficult. There is, therefore, much to be said in favour 
of retaining the traditional course of treatment. 

Wood ashes and nairofi (from lakes in Egypt) were used in 
antiquity as detergents^ /.t’., for washing clothes, but there was no 
clear distinction made between them. The Arabs called the 
salt (potassium carbonate) extracted from wood ashes by water, 
al (jali, from which the name alkali is derived. Natron (sodium 
carbonate, which the Romans called nitrum, incorrectly trans-* 
latcd ‘ nitre ’ in the Authorised Version of the Bible) was later 
obtained from the ashes {barilla) of plants growing on the 
sea-shore, and was called the marine alkali^ that from wood 
ashes Ijeing called the vegetable alkali* iMarggraf in 1757 first 
clearly distinguished between the two. The volatile alkali 
(ammonium carbonate) was obtained by the dry distillation cf 
bones, horns, and animal matter. 

It was discovered in the Roman period, probably in Egypt, 
that when solutions of the natural alkalies are boiled with quick- 
lime slaked with water, they become ver\' corrosive and caustic^ 
and the names caustic potash and caustic soda were later 
UNcd for the products. Galen refers to the causticising of 
alkali for making soap. Alkalies are largely used in making 
washing powders, soaps, and glass {q.v). 
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Black’s researches on the alkaUes. - -I he chemical nature ul 



\ I 11* ili thi' fnariiV' alkali, aiui \hv 
were known ; vi/.. the vc«cu > ^ nU^'Kl ky 

volatile alkali (the caustic lorn. ol v hi. h 

Hoyle in 1675). vomie ih. .’'ton.- on I'lin.iii.i: 

According to the theory th< ^ ■ \\liuh 

absorbs a ‘ principle of cau>t.rny ,,.„v. rung . 

its properties to the w a... n g.i riit d 

mild into a caustic alkali bv boiln g 1 , iiv ' tr-m th 

as due to the transfer of the principle of 
quicklime to the mild alkali. 


EVERYDAY CHEMISTRY 


573 


Black studied the subject quantitatively, using the balance, 
and found that when limestone is heated there is a loss 
in weight and fixed air (gaseous carbon dioxide, entirely over- 
looked in the previous scheme) is evolved. The residue is 
quick-lime : 


( 1 ) limestone = quicklime + fixed air. 

'I'lic quicklime was then boiled with a solution of mild alkali. 
The alkali became caustic, and the quicklime was reconverted 
into the original weight of limestone ; 

(2) quicklime + mild alkali - limestone -r caustic alkali 
If we add equation (i) to equation (2) we find : 


mild alkali = caustic alkali fixed air, 


so that the corrosiveness of quicklime and caustic alkali is 
‘ an essential property of the pure earth ’ and the pure alkali, 
respectively, and is not due to any separate ‘ principle of 
r.uisiicitv.’ 

Black also remarked that fixed air is given off by the action 
of acids on both limestone and mild alkali : ‘ when we mix an 
arivi with an alkali, or with an absorbent earth (limestone or 
clulk), the air is set at liberty and breaks out with violence ; 
bcc.iuse the alkaline body attracts it mpre weakly than it does 
the acid, and because the acid and air cannot both be joined to 
tlie smie body at the same time.’ When the solution of limestone 
in acid is mixed with mild alkali, the original weight of limestone 
is precipitated. In this case no fixed air is evolved from the 
mild alkali, although the latter forms a salt with the acid. This 
is because the fixed air is transferred to the lime, with the 
formation of limc.sione. 


The theory of caustification is thus stated by Black : ‘ If 
f|uickiime be ntixed with a dissolved alkali, it likewise shows an 
attraction for fixed air, superior to that of the alkali. It robs 
this salt ot its air. and thereby becomes mild itself ; while the 
alkali is cortsequently rendered more corrosive, or discovers its 
natural degree of acrimony, or strong attraction for water, and 
Iqr l)odics ot the inflammable, and of the iinimal and vegetable 
kind : which attraction was less perceivable, as long as it was 
saiunitcd with air. And the volatile alkali, when deprived of 
ii> air, besides this attraction for various bodies, discovers like- 
wi.sc its natural degree of volatility, which was formerly somewhat 
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repressed, by the air adhering to it, in the same manner as it is 

repressed by the addition of an acid. , T>t i 

The reactions involved in the processes studied by Black can 
be represented by the following equations of modern chemistry : 

1. Preparation of quicklime from limestone ; 

CaC0;, = Ca0 + C02. 

2. Slaking of lime : 

CaO + H.O =Ca(OH)2 {calcium hydroxide). 

3. Caustification of mtld alkali ‘ 

KX03 ECa(0H). = CaC03+2K0H (potassium hydroxide). 

4. Action of acid on limestone or mild alkali ; 

CaC03 + 2H('l = CaCl2 + C(^2^ : 

KXO3+ 2HCI = 2KCI + CCL i HoO. 

<?. Precipitation of lime salt by mild alkali : 

CaCl., + K.t = CaC( )j + 2 KCl . 

Daw’s isolation of the alkali metals.-i^rcvious to the re- 
searc^s of Davy the caustic alkalies were 

conjecture, Davy attempted to dc(ompo 

c-lcctrolysis^ TItv „f pure potash xvhich 

give conducting power to the . inMilaied disc of 

and slight deliquescence), P . 1 . , , ... in a 

platina, connected with the \ ,'<.nununicating 

state of intense activity; ami a ,.pp,.r 

with the positive side. fu'^U both its 

surface of the alkali. . . .1 h^ 1 ' eth-rvex ence at tlie 

points' of electri/ation. Tlicrc - * surf tce there was no 

Eppersurhrt.; at thelower orn^^^^^ 

metallic lustre, ami being ,vith explosion 

to quicksilver, appeared, some °f " ,.„a' others 

^aSa.!!i‘'::^r;m::^iy ^mtbsh- d. and hna.ly covered v ith 
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a white film which formed on their surfaces. These globules, 
numerous experiments soon showed to be the substance I was in 
search of, and a peculiar inflammable principle the basis of 
potash.’ 

This metal, which Davy called potassium, was found to possess 
extraordinary properties : 

(1) It is lighter than water. 

(2) When thrown on water it instantly decomposes it, attracting 
the oxygen ; the liberated hydrogen is ignited by the heat 
developed, and burns over the rapidly-moving floating globuje 
of metal with a heliotrope-coloured flame. A solution of caustic 
potash is formed. 

(3) The metal rapidly oxidises in the air ; a freshly-cut piece, 
which shows a bright, metallic lustre for an instant, becoming at 
once covered with a blue tarnish. The metal is therefore 
preserved under petroleum, \yhich is free from oxygen. 

The metal sodium was also isolated from caustic soda by 
electrolysis. Sodium, like potassium, decomposes water, but, 
as the heat evolution is not so great, the liberated hydrogen does 
not take fire unless the sodium is prevented from moving about 
by placing it on starch-jelly ; the hydrogen then catches fire, 
and burns with a bright yellow flame. 

Gay-Lussac and Thenard in 180S showed that, when molten 
caustic potash or soda was brought in contact with red-hot iron 
turnings, the iron was oxidised, and the alkali metal distilled off. 
At the same time, a considerable amount of hydrogen was 
evolved. The caustic alkalies were then recognised as hydroxides, 
KOH and NaOH, of the metals potassium and sodium. 

The presence of hydrogen in caustic potash or soda may be 
shown by heating a mixture of the powdered alkali with iron 
filings in a liard glass tube. Hydrogen is evolved, and may be 
ignited at the mouth of the tube. 

The Leblanc alkali industry.— Sodium carbonate in a very 
impure form was formerly prepared by burning plants growing 
on the seashore. The plant-ash {barilla) was used in the 
manufacture of glass and soap. 

Largo quantities of natural sodium carbonate occur in some 
lakes, e.g., Lake Magadi, in British East Africa, is estimated to 
contain 200.000,000 tons of sodium carbonate and the latter is 
produced technically from it. It was obtained in antiquity from 
Egyptian lakes. 

When Stahl pointed out that common salt is a compound of 
soda, many attempts were made to obtain the alkali from it, 
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but the first really satisfactory method was devised by Nicolas 
Leblanc in 1787, as a result of an offer of a prize by the f rench 
Academy for a solution of the problem. Leblanc establuhcd 
his process in a works by means of a loan from the Duke ot 
Orleans in 1791. Two years later the Duke was guillotined and 
Leblanc’s factory was confiscated. I he unfortunate inventor, 
who indeed escaped the fate of his benefactor, lingered on onl\ 
to die by his own hand in 1800. . , ,, ,• ..,,.1.- 

After the repeal of the salt tax in Lnglanc . an alkali works 
was established in Lancashire, m 1823. by 

the Leblanc process was used, and during the nineteenth tcnlurv 
the method was everywhere in use. I he process comprised ilie 

loUowingtStcPconv^ricd into sodium sulphate by heating with 
sulphuric acid : 

2NaCl + H..SO. = Na..SO, + 2HCI. 


The process was carried out in 
p. 320, the hydrochloric acid being 


two Stages as described 
absorbed in water. 


on 



Fic. 345 .— Black Ash Rkvolvtng I cknacl. 

(a) The sodium sulphate, or «//-,. h 
vith limestone and powdered <oal tn ^ Ur 

)y flames from a gas-produ( tr (I ig. 34 )• reaction 

donate and calcium sulphide are produced. 1 he reaction 

)ccurs in two stages : 

(a) NagSOj + 2C = Ka2S 4- 2< XL 

(/,) Na^S + Ca<; 03 = Nasf-Oa + CaS. 
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Bn'ne 


The final product is known as black-ash \ if it is broken up 
and lixiviated with water, an impure solution of sodium carbonate 
is obtained which can be crystallised, whilst the sparingly soluble 
calcium sulphide (with excess of coal, limestone, and impurities) 
remains as alkali waste. 

The Leblanc process was very suitable for development in 
Great Britain, since the three raw materials, salty coaly and 
limestone occur in the island in abundance. The sulphuric acid 
was manufactured from imported pyrites, but much of the 
sulphur, was, in later years, extracted from the alkali waste 

(P* 343)- The hydrochloric 
acid obtained as a secondary 
product was used in the manu- 
facture of chlorine and bleach- 
ing powder. From the pyrites 
cinders, copper was extracted, 
since those kinds of pyrites 
which contain copper were 
selected for use. It will be 
seen that a number of impor- 
tant industries were linked 
together by the Leblanc pro- 
cess, and during the nineteenth 
centur)’ it was one of the most 
important British industries, 
the production of sodium car- 
bonate in the period 1879-1883 
being half a million tons per 
annum. About 1924 the Leblanc 
process became obsolete in 
Great Britain, and the soda and 
chlorine tormerly made by it are now manufactured by electro- 
lytic methods (p. 315). 

The ammonia-soda process. — About the middle of the nine- 
teenth century another process tor the manufacture of soda 
gradually became a serious rival of the Leblanc process, viz. 
the ammonia-soda process, whii.h was at first worked alongside the 
old process and then largely displaced it. It was patented in 
EngUmd by Dyar and Hemming in 1S38, was first operated on a 
technical scale by Schlocsing and Rolland in France from 1855, 
but was so much improved by Ernest Solvay of Brussels, about 
ten years later, that it is sometimes called the Solvay process. It 
was, however, first worked really successfully near Northwich on 
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the Cheshire brinefields by John Brunner ^r. Lud , 

Mond ; it is still operated there, and tn Europe “"d A-ner ta^ 

In the ammonia-soda process, ammonia gas 
brine, nearly saturated with salt, and ^‘‘'•bon d.ox dc is passt 1 
in under pressure in carbonating towers (Fig. 34o). * 
lentC of Solvay. Ammonium bicarbonate is '°rmed " 
Ihen reacts with the salt ; sodium bicarbonate is precipitated 
and ammonium chloride remain^ in soUition . 

NH3 + H.>0^C02 = NHiHC()3 ; 

NH.HCda + N'aCl^^NHiCl + NalK O 3 . 

It is essential that all waste of ammonia 

The ammonium chloride is decomposed 1>> \ ‘ 

ammonia, which is used again and agai . > iho 

to make up loss. The carbon the 

quicklime from limestone cirbonate are 

sodium bicarbonate to form sodium <.art>on. i v 

used in the process : 

('aC '03 = ra 0 n ( O.: 

2 NaH (;<)3 = >^'‘' 2 ^ 

Only about two-thirds of the 

bicarbonate since the reaction rii.-i^nn chloride forinet^ 

equilibrium ; the rest is wasted, and ilu caiuum 

in the ammonia recovery : 

2 NH,Cl + Ca(OH), = raCL^ ^ -Hi'*- 


Na_ 
soluble 

Using. — — - 

lion, and separates from V",^' J''" '“”'i,,.t tl "• . r. 

crystkls, Na 3 C 03 ,NV*HCO 3 .^H./> an- - 

a hot .solution ot equimoleeular ..m 

bicarbonate. -.lu-ii'- soda. 

Sodium hydroxide. — Sodium i, ,iuae \Mih 

NaOH, is made bv boiling a solun-.n oi .od. .n 
slaked lime. The reaction is reverul)k . 

NaX 03 + Ca(OH),^.Nit0110 ■< <V 


A « V* *» ' 1 tn* 

The filtered solution is evaporated and ’ 
in iron pans. It may be cast into 


-nila fuved 
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The final product is knowTi as black-ash ; if it is broken up 
and lixiviated with water, an impure solution of sodium carbonate 
is obtained which can be crystallised, whilst the sparingly soluble 
calcium sulphide (with excess of coal, limestone, and impurities) 
remains as alkali ivasie. 
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the Cheshire brinefields by John Brunner J)r Lid«i^ 

Mond ; it is still operated there, and in Europe , 

In the ammonia-soda process, ammonia gas ^ ; 

brine, nearly saturated with salt, and carbon dioxide is passed 
in under pressure in carbonating towers 34 ). 

venlion of Solvay. Ammonium bicarbonate i:> 
then reacts with The salt ; sodium bicarbonate is precipitated 

and ammonium chloride remains m solution . 
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NH.HCOa + NaCI^NHjCl + NaHf O 3 . 

It is essential that all ^yaste of ammonia 
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a hot solution of equimolecular amount- 

bicarbonate. , . ^;i,. ..j -.■u-tl- soda, 

Sodium hydroxide.— Sodium hydn-xi . . 

NaOH, is made bv boiling a solution ol -o.h. ■ 

slaked lime. The reaction is reverobic . 

NaX 03 . Ca(OHU^3Na010^ ■ . 

The filtered solution is cvaporJt(.< j ^ .. i .- I'owilerid. 
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Increasing amounts of caustic soda are now made directly 

from common salt by electroly'tic processes (p. 3 * 5 )- 

Caustic soda is a white, slightly translucent, fusible solid with 
a fibrous texture. When exposed to the air, it fir.st deliquesces 
from absorption of moisture and a little carbon dioxide, formmg 
a saturated solution. The latter, however, slowly resolidifies 
from absorption of more carbon dioxide, when sodium carbonate 
is formed, which is onlv sparingly soluble in caustic soda 
solution. (Caustic potash docs not resolidify, since potassium 
carbonate is readily soluble. For this reason a concentrated 
solution of caustic potash is used to absorb carbon dioxide, since 
it does not deposit solid, which would choke the apparatus.) 
Caustic soda is a powerful cautery, breaking down the proteins 
of the skin and flesh to a pasty mass. Caustic soda and caustic 
potash in solution slowly attack and corrode glass. They 
should be evaporated in silver, nickel, or iron dishes. 

Caustic soda was formerly made in Solvay works by heating 
soda ash with ferric oxide and decomposing the sodium ferrite 
with hot water : 

NaXO;i+ Fe..03 = Na2Fe204 + CO.> ; 

Na.,Fe .,04 + HjO = 2XaOH + FcoOs- 


This is known as the Lowig process. 

Sodium bicarbonate. — This salt, which is much less soluble 
than the normal carbonate and has much milder alkaline prO' 
perties, is produced in large quantities by the ammonia-soda 
process, but is all converted into carbonate, the bicarbonate of 
commerce being jjrcpared trom the latter. A concentrated 
solution, or moist crystals, ot sodium carbonate give, when 
saturated wiili carbim dioxide, a white crystalline precipitate of 
bicarbonate. This may be washed with a little cold water, in 
which it is sparingly soluble, and dried in the air : 


Xa.j( ’O;, + COo HjO^^XaHCO^. 


Sodium bicarbonate is used as a mild alkali in medicine for 
removing ai i<liiy. and in making baking-powder {q.v^. 

Metallic sodium.— The metal sodium is prepared by Davy s 
clectri'lviic process (p. 571) as adapted by Castner (1S90) ; 


-NaOH -:Na-^H,-^ 0 , 


cathode anode 

('austic soda is fused in an iron pot and electrolysed by a 
cvHiulrical iron cathode and a nickel anode, separated by a wire 
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Wire 
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cyiirfde^A 


Iron 


Asbestos finj 
5o<//wm 

Nichel anode 

Iron pot 


fused caustic 
soda 


SofiJ caustic 
soda 


gauze cylinder (Fig. 347)- The metal floats and is skimmed off. 
It is sold in the form of thick rods sealed up in tin cans. In the 
laboratory it is kept, like potassium, under petroleum, which 

excludes oxygen from the 
metal. Sodium is chiefly 
used for the manufacture 
ofsodiumcyanide(NaCN) 
for the extraction of gold, 
and sodium pcro.xide, al- 
though it has other minor 
uses. It is a soft, silver- 
white metal, violently 
attacked by water, and is ® * 
a good conductor of elec- 
tricity (about one- third the 
conductivity of silver, the 
best conductor). 

The metal forms a com- 
pound, sodium hydride, 

NaH, when heated in 
hydrogen; this is a colour- 
less, sult-likc solid decom- 
posed bv water: 

NaH-»-HoO = NaOH-t-H2. , .. _ 

Oxides of sodium.-Two oxides of sodium are known : sodium 

monoxide. Na.,0, a basic oxide, and sodium 
Na.O.O.Na.' Sodium monoxide is obta . ed 

sodium in a limited supply of „vveen and 

produced when the metal burns m ‘ ■ \,.avs in a 

is manufactured by heating sodium in a nernxide is a 

current of purified air in iron pipes. air from 

yellow substance, becoming white on exp s 
formation of sodium hydroxide and earlnmau. 

Water decomposes it, with evolution ol o\\gtn 

2Na20o (- 2H20=.}N;‘f>II * 

and carbon dioxide also sets free ox\gin . 

Hence the peroxide is used in «.mc typrs ol, d.vn.g Mmets 

which do not require the supply of air .p.^omDosed with 
bleaching (p. 325 ). since with ce/r/ water it is decompo.scd witn 

formation of hydrogen peroxide : 

. Na202+ 2H.,0 = 2Na0H + Ha)... 



J.'n;; ^ .7, — Tkcmnicai. PkEP-VRATION 

OF SomvM. 
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Sodium sulphate.— This salt, Na2S04. is produced by the 
salt cake process (p. 573) and is used in making glass 
(p- 592). When crystallised from water it yields Glauber’s salt, 
Na2S04,ioH20. The cp'stals of Glauber’s salt melt at 32®, 
giving a saturated solution and depositing a white powder of 
anhydrous NajSO^. Sodium hydrogen sulphate, NaHS04, is 
obtained by the action of sulphuric acid on the normal sulphate 
and as a by-product in the manufacture of nitric acid (p. 388), 
The pyrosulphate, NagSaOT, is obtained from it by gentle ignition. 
At a red heat the pyrosulphate decomposes into the normal 
sulphate and sulphur trioxide (p. 355). 

Potassium 

Potassium compcimds.— Potassium occurs much less acces- 
sibly than sodium, although it is widely distributed throughout 
the three kingdoms of Nature. Primary rocks often contain potas- 
sium silicate; thus granite contains felspar \ K20,Al203,6Si02. 
During the weathering of these rocks, i.e., their decomposition 
by atmospheric carbon dioxide and water, assisted by the dis- 
integrating action of frost, the silicates are decomposed into 
clay and soluble potassium salts, such as potassium carbonate. 
The latter arc retained by a process of adsorption in the soil, 
where they remain available for absorption by the roots of plants 
(p. 422). 

In plants, potassium compounds occur as salts of organic 
acids: e.g.^ acid potassium oxalate, ‘salt of sorrel,’ or ‘salts of 
lemon ’ ; and acid potassium tartrate, ‘ cream of tartar,’ or 
‘ argol.’ When plants are burnt, these organic salts form 
potassium carbonate, K2CO3, which, since it was formerly pre- 
pared by calcining cream of tartar, received the name salt of 
tartar. Large amounts of potassium carbonate are made by 
lixiviating wood ashes with water, evaporating the solution to 
dryness, and calcining the residue in iron pots. The product is 
pot-ash \ when purified it is known as pearl ash. Sugar beets 
absorb from the soil considerable amounts of potassium salts, 
which a'-cumulate in the residues, known as tanasse, or sehlempe. 
They are burnt, leaving a residue of potassium carbonate. 

Plants serve as food for animals, and the blood serum of all 
animals contains potassium and sodium. In the milk of carni- 
vora, sodium and potassium occur in approximately equivalent 
amounts ; in that of herbivora, and in human milk, potassium 
predominates. The perspiration of the sheep is rich in organic 
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Clay slates 



Salt clay 
Carnallite 


potassium salts. If raw wool is washed with water, the brown 
liquid evaporated, and the residue calcined, potassium carbonate 

remains. , . j • 

Potassium salts occur in the sea, and are absorbed m marine 
plants, from the ashes of which (Ae//>) they may be extracted. 

Deposits of potassium salts.— Although potassium salts are 
widely distributed, comparatively few workable deposits ^cur. 
The principal are found at Stassfurt, in Saxony, and at Mulhouse, 

in Alsace. 

The Stassfurt potash 
deposits held, until re- 
cently, the monopoly 
of the world’s supply. 

They were discovered 
in luring for rocksalt 
in 1839, and are of 
great thickness. The 
deposits are probably 
derived from the eva- 
poration of an inland 
lake, as the order of 
the successive layers of 
salts is what would be 
expected in such a case 

source of po.assiun, ,bc S.assfun eleposi, ^ 

the double salt caJuiic. 

and Galician, deposits contain . an 1 .0 [ 

of sodium and potassium chlorides, rulur 1 l 

Chloride is obtaincl fro.n ;,-,.dli,e by dcco.n.^Uig 
the salt with hot water and ^ 

chloride, which is more soluble, is a ust piass and 

slum salts arc chiefly used as lertili^er^, in n ‘ ^ t-unnowder 

hard glass (p. 592), soft soap (p. 5^0). and (as nitre) for Mmpo^^cU^ 

^*^PoU^sium.— Metallic potassium "‘I't 

to sodium, viz. by the under pelr- 

acted upon by perfectly dr> ■JJ'j iliue'lilm. It acts 

moist air, becoming covered with a purple 

violently on water, the liberated hydrogen burning vUh purple 


Rocksalt 


,.8 — Section of Siassfukt Salt 
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flame (p. 572). When heated with practically every gas con- 
taining oxygen, it abstracts the latter ; it also decomposes 
boron oxide, silica, and the chlorides of magnesium and 
aluminium, on heating, with liberation of the elements. An 
alloy of potassium and sodium is liquid, like mercury, at room 
temperature. The vapour of potassium is green : that of 
sodium is \ioIet. 

Oxides of potassium. — Potassium monoxide, KgO, is prepared 
in a similar manner to NagO, and has similar properties. Potass- 
ium dioxide, KO.2, is obtained as a chrome-yellow solid by 
burning the metal in oxygen or air {cf. NagOg). 

Potassium hydroxide, or caustic potash. — Caustic potash, 
KOH, is prepared in a similar manner to caustic soda, which it 
resembles closely in its properties. It is made on the large scale 
by the electrolysis of a solution of potassium chloride, and is 
used in the manufacture of soft-soap (p 520). 

Potassium carbonate. — Potassium carbonate, KoCOg, is a white 
deliquescent powder, dissolving readily in water to form a 
strongly alkaline solution : 


KgCOg + HgO^KHCOg + KOH. 

It is a fusible salt, but melts at a lower temperature when 
mixed with .sodium carbonate, fusion mixture^ which is 

used in the laboratory. 

Moist potassium carbonate readily absorbs carbon dioxide, 
forming potassium hydrogen carbonate, or ‘ potassium bicarbonate,’ 
KHC O;,. which is much less soluble in water than the normal 
carbonate and has milder alkaline properties. On heating, it 
gives off steam and carbon dioxide and leaves the normal 
carbonate ; .kHCO^ = K^CO^ + CO, + H, 0 . 

Potassium carbonate is made from wood ashes or beet sugar 
residues (p. 4y,^) or from the chloride by a method similar to the 
Leldanc jirocess (p. 573 : the ammonia process cannot be used, 
as is too soluble). 

Potassium sulphate. — Potassium sulphate, KgSO^, is prepared 
1)\ lu-ating concentrated sulphuric acid with potassium chloride : 

2KCI + HgSO^ = KgSOj + 2HC], 

and is also extracted from Stassfurt salts, e.g., schonite, 
MgSOj, K.2SO4, bHoO. It crystallises anhydrous, and is used 
as a tertiliser. especially for tobacco, since it has a higher melting 
point than potassium chloride (the commonest potassium fer- 
lilLser), and the ash of the tobacco is thus not so fusible. The 
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salts KHSO4 and KgSgO, are prepared in the same way as 
NaHS04 and Na2S207. 


Ammonium (NH^) 

Ammonium compounds. — Ammonia, NH3, readily combines 
with acids to form salt-like compounds. If a jar of hydrogen 
chloride is inverted over one of ammonia gas, dense white 
fumes are produced which settle on the sides of the jars as solid 

flakes of sal ammoniac, NH4CI : 


NHa-HHCI^NH^Cl. 

Daw in 1808 suggested that sal ammoniac, which resembles 
common salt in many of its properties, contains the posiuvv 
radical ammonium. KH4. analogous to an alkali metal. The 
ammonium salts really contain the ammomum ion. NH4 . 
analogous to the potassium and sodium ions. A solution of 
ammonia in water contains ammomum hydroxide, NH4^-hOH , 

When sodium amalgam is put into a concentrated solution of 
ammonium chloride it swells up. and a soft, butter) mass is 
formed, which rapidly decomposes, evolving hydrogen and 
ammonia in the ratio : 2NH3. Davy suggested that the 
product of the first reaction is an amalgam of ammonium, which 
is behaving like an alkali metal : 

2NH4 = H.2 + 2NH3. 

Ammonium chloride. — This compound, NH4CI, known as 
sal ammoniac, is prepared by neutralising ammonia solution with 
hydrochloric acid and evaporating. It is also made by boiling 
a solution of ammonium sulphate with an equivalent amount 

of common salt : 


(NH4)2S04 f 2NaCl^Na2S04-f 2NH4CI. 

The sodium sulphate .separates, and is removed : on cooling, 
ammonium chloride crystallises. It is purified by sublimation, 
by heating the salt in a cast-iron basin provided with an iron 
dome, having a small hole at the top. The cake of ammonium 
chloride which sublimes into the dome is broken up, and forms 
tmjgh, fibrous lumps. A mixture of ammonium sulphate and 
common salt may also be heated in the same apparatus. An 
imitation of the sublimed product is made by strongly com- 
pressing the powdered salt : voltoids, used in batteries, are 
small tablets prepared by compres.sion. Ammonium chloride 
is prepared in ammonia-soda works by crystallising the liquors 
from the bicarbonate filters (p. 575). 
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The salt is readily soluble in water, and a considerable lowering 
of temperature results. 

The vapour of ammonium chloride is dissociated (p. 164) : 

NHiCl^NHj + HCl. 

The ready dissociation of the salt on heating explains its action 
as a flttx in soldering : the oxides are converted into volatile 
chlorides by the hydrochloric acid, and a clean metal surface is 
left. . ' * 

Ammonium sulphate.— This important salt, (NH.),S04. is 
made by absorbing ammonia in diluted sulphuric acid' (p. 380). 
Instead of using sulphuric acid as absorbent, ammonia may be 
passed into a suspension of calcium sulphate (calcined g>'psum), 
carbon dioxide being also passed through the liquid. Calcium 
carbonate is precipitated, and a solution of ammonium sulphate 
is formed : 

CaSO^ + 2NH3 + COj -r H2O = {NH4)2S04 + CaCOg. 

Ammonium sulphate forms crj’sials isomorphous with potassium 
sulphate, and very soluble in water. It is used as a fertiliser 
Ammonium nitrate.— This salt. NH4XO3, was first prepared 
by Glauber^ and was called ftiirum fiammansy since on strong 
heating it decomposes violently, with production of flame. It is 
obtained by neutralising nitric acid with ammonia or ammonium 
carbonate, or by the double decomposition of ammonium sulphate 
and sodium nitrate : 

+ 2NaN03^3NH4N03 + Na 2 S 04 . 

It is used in the preparation of nitrous oxide gas (p. ■594) and in 
making explosives (p. 527). 

Ammonium carbonate.— The commercial ammonium carbon- 
ate, which is foniud by subliming a mixture of ammonium 
chloride and chalk, or by the reaction between ammonia, water 

VO dioxide IS really a compound of the bicarbonate, 

ah,|HCU 3, ^nd a salt called ami nonium carbamate, 

NH4O . CO . NHj. 

It smells strongly of ammonia and is used to a small extent m 
making smelling salts, and also in baking (p. 415). 


CHAPTER XXXI 

the alkaline EAKTH MLiALS 


Limestone. — The most ll>o'in 

crystalline, form, callcel ara^on.U (ft,. 35o). 
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Calcium carbonate is only veiy sparingly soluble in pure water, 
but it dissolves in water containing carbon dioxide to form an 
unstable bicarbonate, Ca(HC03)2 (p. 298). In this form it is 
transported in Nature and deposited again as carbonate, e.g., as 
stalactites (p. 300). The vast -deposits of chalk originally 
existed in solution as calcium bicarbonate (p. 420). 

Quicklime — Calcium carbonate heated to dull redness begins 
to decompose, evolving carbon dioxide, and leaving calcium 
oxide, or quicklime, CaO. In a closed vessel, the decomposition 



Fig. 351. —Derbyshire Limekiln. 


stops at a certain pressure of the carbon dioxide, known as 
the (liN-sOciation pre.^surc. which has a definite value at each 
tenipcralure ; the .system is then in equilibrium : 

C.iCOa^^CaO + CO2, 

but ii the carbon dioxide is swept away by a current of air, 
disM« iation goes on till the reaction is practically complete. 
'rhi> is applied in the manufacture of quicklime from limestone 
or marble {* lime-burning *) by heating to a high temperature. 

In .some districts, e.g., in High Peak, Derby.shire, the limekiln 
is filled with blocks of the limestone; an arch of lumps of the 
stone i.s built over the fire below, the fuel being kept separate 
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- . /ir;^ The burning goes on for thirty-six 

from the stone (Fig. 351). i alloNved to cool, and the 

P--S down a tan^shaftm Whud. .. .^ U, nn.cd 

wdth fhf fucl and charged too a shaf. furnace, but this g.vet, a 

product mixed with fuel ^sh^ heating Iceland .^par with 

Pure calcium oxide is prepared until 

the blowpipe in a platinum ^ cooling and addition of 

a little of the white opaque residue, alter 00 g ^,„orphou.s 

water, no longer effervesces with ac^ 

mass, which melts ^^od \ o ^ oxvhydrogen blowpipe witlu>ut 

Lime resists the dlere^ore^u^ making furnaces 

more than sintering, ‘^^d 

for fusing platinum. ^ ^ the metal is placed, whilst 

hollowed out, m the lo\M-r Cl j upper block. 

the blowpipe is introduced through • -1 n pp ^ 

Slaked lime. ^ When 

much heat is V''° ^ atcr cracks, and finally, after 
The lime conibines \m b ‘ ^ a fine, dry. while 

produdng r-tl to the air. slowly absorbs moisture 

Quicklime, when exp ^ T)owder which consists ol a 

and carbon dioxide, cruin ) ^ ‘ . ^^ater on exposure 

mixture of hydrox.de am tarhonutc^^ carhonate. 

to air becomes covered v of mortar for building purposes, 

Lime is used in with three to four 

this consisting of ^ ^[tginally taken. Lime made 
times as much sand as q flakes* slowly and is called ' poor 
. from magnesian hmes , 'phe 

lime,' as distinguished ‘ . evaporation of the moisture, 

hardening of mortar ‘md th^Ilow converton of the 

or Its absorption b\ th . ^ by atmospheric carbon 

hydroxide into and the silica of the 

dioxide ; combination ^ mortar usually contains ground 

.and does not occo - ^ ,hese form an effior- 

hnch.,"ing chiefly of sodiu.n sulphate. 
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Lime is also used in the manufacture of caustic soda and bleach- 
ing powder, in purifying sugar, in softening hard water, in 
removing hair from hides before ttfnning, and for whitewash. 
Lime is also applied to the soil. It loosens a hea\y clay soil. 



VS-- — A MODERN Lime Plant, 
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neutralises the vegetable acids produced by the decay of organic 
matter and thus promotes nitrification, since the nitrifying 
bacteria cannot work in an acid soil. Spent lime from gasworks 
i'' sometimes used. 
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called bydrauUc mortar. The . ^constructed with it are 

times of this type, and many p ^ /prepared a similar Eoman 
still standing firm. In i /96 .j; Portland cement is made 

cement by boating clay '.mcs.one^ HtUrand clav, either 
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Fig. 353 -Ckmest Fuunace. 


which forins an 

cemcftt clmker so produce h 

air-tight barrels. and the mechanism of setting, 

The constitution ‘ . ’ Cement clinker appears to con- 

have been variously cxpl- ' i^jnni i e . compounds ol CaO 

tain ^^tes and ahimm^e-ft^om^in;^ behaves as a 

With SiO., and Al^Oa, * ^lo^ly decomposed by water, 

Ca,(A10,)e + 6 H ,0 = 3 Ca( 0 H), + iAl(0H)3 
,1,,. ralcium hydroxide then slowly crystallises and 
SrtUether the partide^ of cidclutn s;;iea-;.^and^,he^c. oit^. 

‘ss “ball,- .li * «'„o 
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gypsum mixed with the powdered cement regulates the rate of 
setting. The cement sets under water. 

A new kind of cement, called bauxite cementy aluminous 
cement, or ciment fondu^ is made by strongly heating bauxite, 
a native alumina containing oxide of iron. It hardens much 
more rapidly than Portland cement and much time is thus saved 
in building or road construction. 

Concrete is a mixture of cement and gravel ; when cast over 
a steel frame it is called reinforced concrete. A cheap cement is 
also made by heating a mixture of powdered blast-furnace slag 
and limestone. 

* Blading materials. — The common materials used for building 
in civilised countries are bricbs, stones, mortar, and cement. 
Bricks, obtained from baked clay, will be considered under 
aluminium {q.v) ; mortar and cement have just been described ; 
and a few words may be said about building stones. 

The stones used for building comprise essentially : (i) silica 
and silicates ; and (2) calcium carbonate in various forms, or 
calcium and magnesium carbonates in association. 

Silica is used in the form of sandstones, often containing 98 per 
cent, or more of silica, and special kinds of sandstones such as 
millstone grit and Yorkshire flags (for paving). Silicate rocks 
used in building, especially when great strength and resistance 
to wear and weather are required ije.g., in bridges) are granite 
(p. 28), basalt (a fused, or igneous rock), and porphyry (a silicate 
of the same composition as felspar, K^O, A\0^, bSiOj). In 
modern work these stones are being replaced by the cheaper 
concrete. ^ 

The calcium carbonate stones are more durable the more 
compact is their structure. Marble, with a very fine crystalline 
s^tructure, is very resistant to weather ; Portland stone (of which 
St. Paul s Cathedral is built), Purbeck stone, Ancaster stone, 
Caen stone, pepA Bath stone are good resistant varieties, but they 
all slowlv disintegrate with the passage of time. The expansion 

water in the pores of the stone bv freezing hastens the process. 
Dolomite, or magnesian limestone (MgCOg . CaCO.,) is more 
easily cut than limestones, and is durable : the Houses of 
Parliament are built of it. The carbon dioxide in the air and 
especially sulphuric acid from the combustion of coal lead to 
corrosion ot limestone. Treatment of the stone with silico- 
fluorides and other methods have been used in cases of corrosion • 
sim|)lc washing has also been urged as a remedy. 

Metallic calcium, — Metallic calcium is prepared on a technical 
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scale by the electrolysis of fused calcium chloride in a 
formed of blocks of carbon, which acts as the anode. The 
cathode is an iron rod, on which the calcium is deposited, and 
this is gradually screwed up, so that 
a bar of metallic calcium is raised 
slowly from the bath (Fig- 354)- 
is a malleable, rather hard white 
metal, which burns brightly in 
oxygen, combines with sulphur, 
chlorine and nitrogen, and reduces 
nearly all metallic oxides on heating. 

Calcium is slowly attacked by cold 
wa'ter : 


Ca + 2H2O = Ca(OH)2 + Ho, 
and dissolves easily in dilute acids, 

with evolution of hydrogen. 

Calcium chloride. — A solution of 
calcium chloride, CaCl2, is obtained 
by dissolving calcium oxide, hydrox- 
ide, or carbonate in hydrochloric acid. . ,, nt' rhe 

to ’a syrupy consistency, colourless 

hexahydrite, CaCl„6H,0, separate. 1 hea.inL- 

water with considerable lowering oi tempe . ■ . ^ 

the crystals, water is evolved, and a wlnte, 1'° < ‘‘J 
dihydrate, CaCl„2H,0, rentams. vW.irh ts 7;,',’;^;' ,;]■ 

solutions for refrigerators. If heated strong . • P „ ..tr 
the anhydrous salt is formed, winch is used '■> 'O h 



Fig 354. — Preparation of 
Mktallic Calciu.m. 
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ammonia gas. forming the unstable compound. CaCU.SNH,. 

so that it cannot be used to dry ammonia. nroduct 

. Calcium chloride is formed m large nuanutie. a> a^b> Pjodiu t 

freezes only at a very low temperature 

the strongly cooled solution being circu .1 t nreventing the 

since the salt is deliquescent it has been .<1 

formation of dust on roads. Some calcium chloride is al,o 

in cement manufacture. n,.cn m-mrs as 

Calcium sulphate.-Calcium sulphate 

anhydrite along with limestone transparent 

as the dihydrate gypsum, CaS04,.H2'J> 
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crystals called selenite^ or occurs in crystalline masses, either 
fibrous {satin spar) or opaque {alabaster). 

If gypsum is heated to i2o®-i3o° it loses water and forms 
plaster of Paris, the hemihydrate, 2CaS04,H20, which when 
mixed with water evolves heat, and quickly solidifies, expanding 
slightly ; it is therefore used for making plaster casts in moulds. 
It the surface is painted with a solution of paraffin wax in petrol, 
the wax fills the pores, and an ivory-like surface is produced. 
Plaster of Paris, if heated at 140®, begins to lose water ; the whole 
of the water is rapidly expelled at 200® ; the residue of anhydrous 
CaS04 rapidly takes up water, but if the heating has been more 
intense the residue hydrates only very slowly, and is said to be 
dead-burnt. By heating over 400°, slight decomposition into 
CaO and SO3 occurs, and the German plaster called Estrich-gips, 
which sets slowly, and produces a smooth, hard surface, used for 
Hours, walls, etc., is formed. 

Precipitated gypsum is formed by adding sulphuric acid to a 
solution of calcium chloride. It is used under the name of 
pearl-hardening for ‘ filling ’ glazed paper. Barium sulphate 
is used for a similar purpose, giving a very heavy paper. China 

# as a filling. Ordinary blackboard ‘ chalk ’ is 

really gyj>sum, not calcium carbonate. 

.‘V solution of calcium hydrogen sulphite, or calcium bisulphite, 
(-‘^(HSO.t)^, prepared by passing sulphur dioxide through milk 
of lime, is used in making paper-pulp (p. 498) and in sterilising 
beer casks. 

* CaJeium carbide. — C alcium carbide, CaCj, is manufactured by 
heating a mixture of (juicklime and coke in the electric furnace, 
at a very high temperature : 

CaO + 3 C = CaC2 + CO. 

7 he effect (as in the production of phosphorus, p. 455) is due 
entirely to the high temperature and no electrolysis occurs. 
The proiiuct is a fused mass, which solidities on cooling. The 
commercial product is a greyish-black stony mass ; pure calcium 
carbide torrns colourless transparent crystals. Calcium carbide 
is decomposed by water, with production of acetylene (p. 441) : 

CaC. 2U.O = Ca(OH)2 -h C^Ho. 

\\ hen heated in a stream of nitrogen, it reacts with the formation 
of a mixture of calcium cyanamide, and graphite : 

CaC, + X, = CaCN. + C. 

1 he product is usetl as a fertiliser in agriculture. It slowly 
decomposes in the soil with the formation of ammonium salts, 
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which are valuable fertilisers, supplying the combined nitrogen 
required bv growing plants. The powdered crude cyananude is 
treated with a little water to free it irom calcium carbi^ and then 
with a little oil to render it less dusty and corrosive. The cyana- 
mide is decomposed by water as follows ; 

CaCN. + 3H2O = CaCOa + 2N H3. 


Calcium nitrate.— This salt, Cix(SO^)., is present m the soi and 
serves as a plant food. It is manufactured on a large scale b> 
neutralising dilute synthetic nitric acid with limestone and 
evaporating. The fertiliser called nilrochalk esstntia Ij a 
mixture of synthetic ammonium nitrate with precipitated 

calcium carbonate. _ u * r-rx rpn ^ k found 

Calcium phosphate.-Calcium phosphate. 
in mineral deposhs C phosphate rock ’l and m bones ^ 

It is a white powder nearly insoluble -n wmeb of 

with sulphuric acid it forms . . 'called superphos- 

required by Plants norma 1 > d^ in water 

from calcium phosphate m the s . roots. When 

containing carbonic acid an pa^ decomposed and 

superphosphate of lime is put m « formed which is more 
very finely divided calcium phosjtha - suDerphosphute foi 

agricultural purposes was from the manufacture 

he took out a patent in , • f.frtih’ser containing calcium 

of steel {q-vi) IS another P>‘fP'‘‘^ „na!l amounts of the 

phosphate, but it often contains onl> \cr> smaii 

latter. . „.^rkinp and colouring glass 

Glass. — The arts of making, 2000- 1 500 b.c. 

appear to have been known to the -g I • ‘ne Constantinople, 
From Egypt the knowledge spread ^ r " an Hritain. 

and Venice. There \vhich is an acidic oxide, 

When some form of silua. • 2- displiucs the volatile 

is fused with sodium carbonate, • ‘ molten mass of 

carbonic anhydride of ‘‘jr : 

sodium silicate, which solidines to g , 

NdjCOj + SiOj = Na^SiO^ + COo. 

The product is not suitable for use as glass, since u is soluble 
water, hence its name, water glass (p- 4 /-^ 
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Calcium carbonate (limestone or marble) is similarly decom- 
posed when strongly heated with silica, forming calcium 

silicate : CaCO, + SiOj = CaSiOa + COj. 

This product, which is glassy when fused, is insoluble in water 
but is soluble in acids. 

When a mixture of sodium carbonate and calcium carbonate 
is fused with silica, the above reactions occur, but the product, 
wliich is transparent, is insoluble both in water and acids and is 
ordinary glass. A small quantity of aluminium oxide is generally 
present in glass. 

In place of sodium carbonate, sodium sulphate is often used, 
generally mixed with carbon, when sulphur dioxide is evolved on 
heating with silica : 

2Na2S04 + C = 2Na20 + COg + 2 SO. ; 

NagO + SiOa^NajSiOa. 

In making hard glass (potash, or Bohemian glass), which fuses 
at a higher temperature than common soda glass^ potassium 
carbonate is used, and potassium and calcium silicates are 
formed. This kind of glass is used in making chemical 
apparatus and lenses. Flint glass, which has a high refractive 
index and is used in making lenses and prisms, is potash glass 
with the calcium oxide replaced by lead oxide, i.e., it contains 
potassium and lead silicates. The lead is introduced by adding 
litharge (PbO) or red lead 

The silica for glass making is generally used in the form of 
white sand (free from iron compounds), crushed quartz or 
broken flints. ’ 

Common glass is made from 100 parts of .sand, 35 to 40 of 
soda ash, and 15 of limestone. It has approximately the com- 
po.sition N'ajO.CaO.sSiOg. The melting temperature in the pots 
is about 1375'’ C. or higher. Glass is not a definite compound. 
It is usually regarded as a supercooled amorphous solid solution, 
but X-ray studies show that the metal and silicate ions make 
some apjiroach to a crystalline arrangement ; the regularity is 
on a much smaller scale than in cr\*slals. and may not extend 
more than a few atoms in distance. Even in liquids there is some 
tendency tor the molecules to assume patterns, which are cx^n- 
stanily broken up and re-formed. 

Glass has the valuable property of becoming plastic on heating 
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below its melting point, and it nm 

rolled into sheets glass^. nf j^lass cutting 

rolled, but is madeV drawmg out a cw nde of 

this along a line, and was made by 

opens out into a at the end of a blowing lube, 

spinning with a rod a whoro the rod was attached was 

and the knob left at the place in old windows, 

then left on the sheet and is seen on panes of glass m old 
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wormholes are produced '/ iV , wing tb. huge cyliiuiers 

furniture. Wonderful macbitus 1 ''^ ' ,„„.e 

of glass used in making sheets, and 

been invented. ■ ..rr.inged so that six vertic.il 

The Owen’s botUe-making machine . 

portions, by rotation of ' ,.a ,nn, the glass. Suction 

of molten glass, when a m ,,kiss diawii into the upprr 

is then automatically aPP'"-" ■: „|.,.,s cut otT below by- 

mould. This is raised from »’<- i ,he glass, the upper 

a knife, and the lower mould s ^ ^ l„.lo,v. 

mould opening out and the lower on ^ , 

StZruidt" ^himouTdrt opens', .be bortl..- is taken out. and 
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the upper mould again comes over the tank of glass for the 
oj)erations to begin again (I'igs. 356-57). 

Jena resistance glass has a low alkali content, a higher alumina 
content (which confers toughness) than ordinary glass and 
contains boron trioxide (p. 474) in place of some silica. 

A glass very rich in silica, poor in alkali and alumina, and 
containing boron trioxide, l^Og, is called Pyrex (p. 21) : it is 



> I’liTiLt: Maihini' 


\i r\ rc'i't.tru to lira* .i.nd tc) su\ld«'n clumges of temperature, 

•m.i ma<l.- in liigli temp.raiun- tank furnaces. A similar glass 

1' M, K.:x. 

Optical glasses. !<>r l-.-nscs. ofteti contain special con.stituent.s, 
such a> iK-mn trii>\ide and |>hr*>phorus pentoxide. in place of 
siiiiM, b. ilium 'txiil.- in p!ac{“ oi lime, and sometimes zinc oxide. 
I wo m liri di-. i'i<‘n'- ■>) optii-al glasses are recogni.^c(] : crown glass, 

' yntaminc .is 1 mm, oxid,- mainly potash or barium oxide ; and 
fiint glass, .''fitaming h ad oxitie. Hv combining lenses of these 
■ ' '■ rsior. i> eliminated (Hadley. A'cerv./.n' P/nsPs, 

’ for spectacles, contains rate earth 

■ ({praseodymium and neodymium) : it allows visible 

i.giii to but absorl)^ the ultra-violet. A glass containing 



GLASS 


595 


nickel on the contrary, which is very dark red, absorbs nearly 
all the visible light bm allows a part of 

to pass through.. Ordinary glass absorbs the infra-red ra>s 

(radiant heat), hence its use for time or 

If good glass is heated to its softening point for a long i or 

inferior glfss for a short time, some of the const.tuents cr^-stalhse, 



Drawing: up slass 




Stripping upper mould 



Lower mould 
closing on 



Fic. 357 ,— Blowing r3onLKs in thk Owen s Machine. 

and the glass becomes opaque ^re 

of glass require ‘""Vou-du tibiss is obtained 

a time and allowed to cool slo^^l\ - < ^ 

by cooling in oil. various metallic oxides or 

Coloured glasses are made b> adding varieties : 

other substances. The following are tb mam 

Euby : gold ; selenium ; chromic or ferric 

Green ; chromic oxide ; cupric oxiuc 

oxides and an oxidising ' jj . cadmium sulphide ; 

YeUow : carbon and sulphates m the melt , 
sometimes uranium or selenium. 
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Violet : manganese dioxide. Blue : cobalt oxide. 

Opaque milky glas : fluorspar with felspar ; cryolite ; some- 
times tin oxide or calcium phosphate. 

Fluorescent greenish-yellow : uranium oxide. 

Black : large quantities of ferric oxide and cupric oxide or 
cobalt, nickel, and manganese oxides. 

Artifldal gems are frequently coloured glasses, although real 
but artificial rubies and emeralds are made by fusing aluminium 
oxide with small quantities of metallic oxides. 

^ Since the materials used in making common glass contain 
iron compounds, these are reduced to ferrous oxide, FeO, which 
colours the glass green. This can be removed by adding 
arsenic oxide, potassium nitrate or manganese dioxide {pyrolusite 
— material which ‘ cleanses by fire ’) when Fe^Oa is formed, 
which has practically no colour in small amounts. Glasses 
made from materials containing only very little iron or titanium 

ultra-violet light than ordinary glass. 

Bleaching powder. — By the aciionjjf chlorine gas on dry slaked 
hme bleaching powder (also called chloride of Iwie—noi to be 
coni used with calcium chloride) is formed. This was formerly 
thought to have the formula CaOCU or Ca(OCl)CI : 


Ca(OH). T CU = CaOCla + H.O. 

More recenriy it has been regarded as a mixture of calcium hypo- 
chlorite, Ca(OCl)2— now made commercially as maxochlor — and 
a non-dehquescent basic calcium chloride, Caa„Ca(0H)„H,0. 

Bleaching powder is an oxidising agent and is used in bleaching 
P- .?-5) atid as a dl^lnfecla^t. It becomes moist on exposure to 
air and does not keep in a hot climate. Strong acids liberate all 
ihr chlorine of bleaching powder : 


Ca(OCl)Cl + H.,S04 = CaSOj + HoO + CU, 

so that the whole of the clilorine (not simply the hypochlorite 

available chlorine. 

*Strontium aad barium.-Strontiiim occurs as minerals in 

hlri and carbonate, SrCO,. The 

bjdronde Sr(OH)., u sometimes used in refining sugar, and the 

m ra e, . r(. y.])2^ m making rnpnson fire^ a mixture of the 

nitrate or chlorate, Sr(ClO:0,, charco.rl, and sulphur, wlrich 

niriis with an intense red fliunc. liarium is found as sulphate, 

in the dense mineral heavy spar, and as the carbonate, 
lhi( O3, as 'U'liherite. 
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Precipitated barium sulphate is used as 
a mixture of it with precipitated titanium oxide (TiOj) is kno\s n a. 

BaCOs, as i u jc ncpH as a white pigment: 

'izs'.. * ■••I " > ' 

BaSO., + 4C = BaS + 4CO. 

The cMorate and i'^/s.trc" h^'dTcomposed aT a^^red 

greoi fire, i best obtained 'by heating the nitrate, 

heat : the onde . heat fornung the peroxide. BaO., 

It absorbs oxygen at a dul ‘ " Harium chromate. 

laCrO ‘"irrwUmrpuTnum acidl-d to lead chronaue and also 

used as‘kn oxidising oT he'group of alkaline- 

*Radium.-A vep' sml are us'-d in surgery 

and in making self-luminous dial> lor ^^atclK^. 

generally used. ^ , Bisintecration of uranium, 

Radium is itselt a ,fen. called ionium, 

being preceded by ^".I'um "impounds quite free front 

discovered by keeping, so that uranium is the 

radium ‘ grow^ thl^ eh immediate parent being lomum. 

* grandparent ol radium, th i p^.jgian ('ongo. 

Radium is obtaim-d Ironi P,> hake torritorv 

Czecho-Slovukia. ,jrodures the richest ore known), 

in North-West Canada tf , ^ a.id the averttge 

SO c^ollars per milligram of radium 

in the form of bromide. 


1 



CHAPTER XXXII 

MAGNESIUM AND ZINC 

Magnesium.— In 1695, Nehemiah Grew obtained from the 
Tnlwi salt which was 

magnesium chloride, MgCl, is contained in La ^atef and^in^hc 
mineral carnalhtc found at Stassfurt (p. 579). By precipitating 

carbonate, magnesia alba, 
h ch like Ep.«,om salt is used medicinally, is obtained. Black, 

L r-rJh^n r"" • I i--*' a compound of fixed air 

^ ra/eined magnesia, or magnesium oride! 

alba. Metallic magnesium 
uas obtained in an impure state by Daw. 

Magnesium is widely distributed, occurring in the forms of 

WP'CO,,CaCO^' and'/r/^/:[ 

( l..\UC o.fiHaO. Talc ( French chalk ’), asbestos, and meer- 
all contain magne.sium silicates. All plant and animal 

constituent of 

chlorophyll, green colouring matter of plants (p. 4-0) 

niinerTLimLfif T'""' varieL'es of several 

n lm^al^ (amphiboles, such as actmolite. anthophvllite : hom- 

' <LMoHte'T tr mountain leather, 

r l iohtt, etc ; and serpentines, such as picrolite, chn-stotile 

and fibrous talc). Fhe value of the material depends' on its 

ocdirrence in long fibres capable of being spun. Blue asbestos 

conuims a larger qinmtity of iron and is verv resistant to acids, 

Mo .i lic ni.ijrnesinm prepared by the electrolysis of fused 

w h ' n ? '’“"-ns when heated in air 

litti ■ i Urirt m'’ ‘‘S’"' producing the o.xide, MgO, and a 

er,. r • "dicn moistened with water, 

-^luRnesiuni powder mixed 

, s o I 1 chlorate or barinm peroxide burns 

n ' ntoc , h’"' a blinding white flash, used 

I holography, and for signalling and star-shells. The metal 

59S 
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is Stable in dry air, but soon becomes covered with oxide in inoist 
air It is ve^ light (sp. gr. 1-75)- Fine cr>;stals are formed by 
subliming the metal in an evacuated tube. The metal dissohcs 
readily in dilute acids, but not in alkalies. Magnesium po^^de^ 
decomposes water. The metal is a constituent of some light 

oxide, MgO. is usually prepared by,h« 
basic carbonate {q.v.), or native magnesite, and is kno^^n as 
calcined fnagnesia. The oxide slowly combines with water 
^^ming theVdroxide. Mg(OH),. and when moist turns red 

‘“ZVn:"" prepared by the calcirtatiort of native magnesite, is 
used in thTm^ufacture of refractory bricks for electric furnace 
linings These are basic, and resist the action of basic slags 
contfining lime. Acidic linings arc composed ol gamster 
Oargelv sflica), and neutral linings of chromite or chromyron- 
stonc Iqv). A mixture of magnesia and asbestos is ust^ as a 
* lagging ’for pipes to retard the transmission of hcnit It dots 
this^mi Lcount of the air enclosed in its pores, which is a bad 
\ e-^ir\T r\f Mdm6siuin peroxide is contained in sonic 

“ndrof tooth-paste : it liltcrates hydrogen peroxide with water. 

The normal carbonate, MgCO,„ occurs native as 
The nrecipitates formed by adding carbonates to solutions of 

r?he“ordinary\empera;u?e, the precip.tate is a light loose 
tnJ^Apr—fnaenesia alba levis—o( variable composition, brom 
Tb^ling saturated solution, a denser crystalhne prec.pUate 

is thrown down, this is evaporated to dO™**; “Both'arc 

at ,oo». and is f water and 

r:u;r"m1rc"a%on'Sris“ as^ed thr^ough, they dissolve^ 
producing a iuarbo..te. The solution ts known as Jiu.d 

magnesia. ., MpCI 6H0O obtained from carnullite 

magnesium oxide. 

iets^m a hard solid called Sorefs cement, used for tloonng 

a metal closely related to magnesium, which is 

finrtn- at high temperatures like tungsten, has a lo\ver specific 

gravity (1-84) than aluminium (2-7) and finds application m 
gravity 04; Movs It is found as the mineral beryl, a 

silta"::"inrum attd be';^ Berylhutn salts are used 

in making incandescent gas mantles (p. 43 0- 
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Zinc. 

Zinc. — The metal ortcha/cum, mentioned by Plato (400 b.c.) 
as forgotten in his day, may have been brass, an alloy of zinc and 
copper. Similar alloys were used long before this in China, 
and true brass of the period 1500 b.c. was found at Gezer in 
Palestine. The material called cadmia^ from which brass was 
obtained in the Roman period by reduction with charcoal in 
presence of copper, was zinc carbonate, and zinc oxide is 
described by Dioskorides (p. 62). 

Although brass, the alloy of zinc and copper, was known in 
earlj' times, the metal zinc itself is first described by Strabo 
(60-20 B.c.) as ‘ false silver,' and he also describes its preparation. 
An idol from Thrace, of about the time of Strabo, has been 
found on analysis to consist of impure zinc. The use of the 
metal appears to have been forgotten in Europe until about 
1500 A.D. when it is again mentioned by Paracelsus and by 
Agricola. It was made in the East Indies and imported as 
‘ Indian tin ’ : its production in Europe began about 1700 by 
a method based on information obtained from the East Indies. 
At present zinc is largely prepared in Belgium, Germany, and 
America. 

Preparation of zinc. — The principal zinc ores are zinc blende 
(zinc sulphide, ZnS), calamine (zinc carbonate, ZnC03), and ores 
containing zinc osdde. The ores are roasted, when zinc oxide is 



Fig. 358. — Technical PREPAFAnoN of Zinc. 


formed, and this is then strongly heated in fireclay retorts with 
carbon, when zinc, which is volatile, distils over (Fig. 358) : 

ZnO + C = Zn4-C0. 

The metal condenses partly as a powder mixed with oxide, as 
zifu dttsi, and partly as fused metal. For use in the laboratory 
llie zinc (sometimes called spelter) is melted in a fireclay crucible 
and poured into water, gramtlated zinc is obtained. 

I he metal is not easily attacked by air, and iron sheets are 
galvanised by cleaning them and dipping them into melted 
zinc, when a thin sheet of zinc adheres to the iron. 
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and for .he negative poles 

in galvanic cells (p. 214 )- and is produced 

Cadmium, a irrecentlv been applied in cadmium 

in the metallurgy used m stopping teeth, 

plating. An amalgam ns a vcllow pigment. 

and the sulphide CdS, IS us -^ > ^ j ^-hen strongly 

Compounds of (./ magnesium). This is 

heated in air, Zn{OH)o^ or carbonate, 

also obtained by imitates thrown down from solutIon^ 

ZnCOa, which are adding caustic soda, or sodium 

of zinc salts («r.^., zmc sulphate) > oo (Carbonate formed is 

carbonate, solutions, resp ^ powder which becomes 

a &asu salt.) Zme whiteness on cooling. It i^ 

yellow on heating, ^ in medicine for dusting 

used as a white but its most important uses are 

on the skin or .'T^eenC of zin^ oxide) and m making 

as a filler for rubber (55 P 

linoleum (p. 5^^)- . -u..>:«ed in the anhydrous form y 

Zinc chloride, ZnCl^. . ..kronen chloride gas. lhecr\ sial- 

heating zinc in chlorine or h>drog^^^^^.^^ oj,,ae or 

line substance is obtainc acid and evaporaung^ 

carbonate, in excess , - . cast into sticks, usu . 

The solid obtained is * : ■{ loses hydrochloric acui ami 

a caustic. On heating strong formed trom the 

forms an oxychloride ch\or\dc the 

Cm^des “am u:ed for’ tbe same ^ , 

the mass dried. In this ^^a. 

•iri^ formed. . cri -1-1.0 isomor]>hous \Mtn 

Zinc sulphate forms \)a,cV vitriol 

Epsom salts, and called and 

salts) arc d/ue vitriol <\^^.YV,sirv ol taimd by di^sohmg 

IL meili; oxide, or -rbonate in^^^ I ; os. 

evaporating till the liquid cr>stal ■ manufacture of 

in dilute solurio" as an eye-lotm^;^, ^ p,ec.p.tat>ng 

tilhopone, which is a wh^ P R .^iphide : 

.inc sulphate — BaSO, * ZnS, 
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and heating. Both barium sulphate and zinc sulphide are 
insoluble. Lithopone is not, like white lead, turned black by 
sulphuretted hydrogen. It darkens on exposure to light but 
becomes white again in the dark. 

Zinc sulphide, ZnS, is formed as a white precipitate when 
ammonium sulphide is added to a solution of zinc chloride or 
zinc sulphate (it is not precipitated by sulphuretted hydrogen) ; 

ZnSOi + (NH4)2S = ZnS + (NH4)2S04. 

It dissolves readily in dilute acids, with evolution of sulphuretted 
hydrogen. Zinc sulphide exhibits the property of phosphor- 
escence, shining in the dark after exposure to light. The 
phosphorescence is only .temporary, but is renewed by re- 
illumination. It also phosphoresces when exposed to X-rays, 
and is used in making screens for X-ray work, and also when 
exposed to rays from radium. The perfectly pure sulphide is 
said not to exhibit phosphorescence. Calcium sulphide is also 
a phosphorescent substance. 

Dilute sulphuric acid dissolves zinc in the cold, with evolution 
of hydrogen and formation of a solution of zinc sulphate : 

Zn + H2SO4 = ZnS04 + Hg. 

Hot concentrated sulphuric acid dissolves zinc, sulphur dioxide 
being evolved and zinc sulphate produced : 

Zn + 2 H.,S04 = ZnS04 + SO, + 2 HoO. 

A mixture of 2 vols. of concentrated sulphuric acid with 1 vol. 
of water evolves hydrogen sulphide when heated with zinc, 
forming zinc sulphate, a liule sulphur being deposited : 

4Zn + 5H2SO, = 4 ZnS 04 + H^S -H 4H2O. 

*Mercury. The liquid metal mercur)* belongs to the same 
group as magnesium, zinc, and cadmium. It occurs as the 
sulphide, HgS, a bright red substance called cijinabar or 
Vf million, from which it is obtained by heating in air: 
HgS + O, = Hg + SO,. It oxidises slowlv when heated in air, 
forming red mercuric odde, HgO. Vermilion is also made from 
mercury and sulphur tor use as a pigment. 

L nlike zinc, mercury forms two series of compounds, the mer- 
curous. such as mercurous chloride. HgCl (or Hg^Cg, the medicine 
iiilomel-. and the mercuric, such as mercuric oxide and the 
imensely poisonous mercuric chloride. HgCl„ known as corrosive 
nibhmate and used in very dilute solution as an antiseptic. 
Mercury fulminate, Hg(CXO),, is used as a detonator (p. 527). 
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Mercur>- is used in making thermometers and 

was formerly used with tinfoil in making mirrors, but these are 
was tomicri) uscu common name quicksilver means 

now silvered ^ "he dead * in the Bible) and 

as It rises frorn the metal. recaoitulate the reactions 

The formation of bases.— We may recapiiuiai ..jectro- 

leading to the formation of bases - " 

positive metal or radical with hydroxyl, - OH. 

(1) Direct union of a basic oxide with water ; 

CaO + HaO = Ca(OH),. 

Certain pero..^es with water B^ve the base (cormspon^ 
with the lower oxide) and oxygen gas, e.g.. »oamm , 

(p. 281). 

(2) Eeaction of a metal with water : 

2Na+ 2H20 = 2NaOH + Ho ; 

Ca + 2H2O = Ca(OH)2 + Ho. 

( 3 ) Electrolysis of salts (see p. 3*5) ■ 

2NaCl + 2H2O = 2NaOH + Ho Clg. 

(4) Hydrolysis of salts of certain metals : 

AICI3 + 3H2O = AI( 0 H )3 + 3HCI. 

(5) Double decomposition of salts with other 

Na^CO, + Ca(OH)2 = aNaOH + CaC(^3 ■ 

Zna2 + 2NaOH = /n(OH)2- 

(6) A special method is .he 

by the combination of ammonia gas with vater . 

nh,+ h,o-nh,oh. 
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Alu minium .—The familiar white metal aluminium always 
occurs in combination with oxygen as the oxide alumina, ALOg, 
in the forms of corundum and emery ^ and combined with other 
oxides in rocks and in clay. Clay is essentially an impure hydrated 
alurnimum silicate, Al203,2Si02,2H20, derived from the disinte- 
g^ration of rocks, the purest form being China clav or kaolin. 
Clay always contains some free silica. Fuller's earth is a non- 
plastic clay used for 
decolorising oils. etc. 
(cf. p.409). The metal 
was obtained by 
Wohler in 1827 by tbe 
action of potassium on 
the chloride, AICI3. 
It is not possible to 



Fig- 359.— Technical Preparation picpare uiuminium, 

OF /Vluminicm. which is a very useful 

.4, Lead TO Cariiov AsoDES : W, Carbon- Lining ; C. metal, dirCCtlv from 
Oi'TER Iron Nessee; /J. Carro.v J'owdcr rkutectinc k ♦ *4. * k 

SU RFACE OF fcUECTROLVTE : CRV.AT OF SOLIOIFIED D^t it IS Ob' 

Llectrolyte; F, Molten Electrolyte* G Molten fninorl ^ 

Metal; H, Control Lamp. * ^ -holte.n tamed trom OaUXttCy a 

, , , . . mineral which is an 

impure hydr.itcd oxide of aluminium, by first purifying it, 

iind then clectroly.sing the oxide dissolved in fused cryolite^ 
or mineral double fluoride of aluminium and sodium, NalAIF-, 
found m Greenland. The electrodes are of carbon, and the 
Gx\gcn liberiued combines with the electrodes to form carbon 
monoxide. This is a process of true electrolysis 

Large works are operated by the British Aluminium Company 
in cotland and m North Wales, using water power for genera- 
ting the electric current, and large quantities of aluminium are 
al-i produced in America and on the Continent. 


A . Lead to Cariiov Anodes ; //, Carbon Lining • C 
Oi'TER Iron Nessee; t ). Carbon Powder fkotectiso 
Sprface of Euectrolvte : E, Crvst of solioified 
Llectrolvtb; F. Molten Electrolvte- G .Molten 
Metal; H , Control Lamp. 
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The process for making aluminium was invented by an 

American student, Charles Martin Hall ^ f"; 

Heroult in France, invented an almost identical process a le 
mornhs later quite independently. Castner, )ust before this 
had worked out a different process, making use of ^odiuny but 

of chemistry m Castnef Kellner cell, the process 

from ass. to as. per kg. In 1932 “^Xe bein<. covered bv a 
Aluminium is fairly prevents further 

thin transparent varnish readily worked, 

attack. It IS a very hg i ■ 'a^ ilToy of aluminium with 

but melts rather easily (6 9 - ,,ith a small amount 

to to per cent, of magnesium S ^ pi,,ons 

■ manganese, is lighter than a n'” 1 . purposes for which a 

of motor engines and tor a 'ane > 

light alloy is suitable. manganese and magnesium : 

with small amounts of coppir, ■ g ^irom' .■Muminium 
it can be tempered like .Vr/yiiT'-^eturic currenis. 

wires are used to some oxU ) j molten 

and the metal for cooking utensils, anti lor u 

stcdt ^ - 1 t , ci'iiiiDin^ pieces c^l 

Ahiminixun powder is produce ' ji\„,;intUv of grea>c. It 

thin sheet in the ^,.1^1,1, \vhen made into paint, 

really consists of very thm < ‘Venr -iiaie to a lilm, >o that 

rise to the surface of the medium ‘ ’ e M.rfaee tlum 

less material is required to J , of which are granular, 

with ordinary pigments, the jn ‘ storage taidch 

Aluminium paint is used f 1 reducing corro>ion 

from the heating effects of . the sun and tor 

of iron. . -illoved with aluminium 

Aluminium bmnzes contain 1 .!. -ire homogeneous, hard, 
to the extent of 3 to 10 \ ; .\;;auicalh not corroded 

and of high tensile sirenglh. esVnt. 

Kv c/>Q wntf»r. osncci^Uv if manganese i> is 


remarkable vigour, - Am 

Fe,0. + 2Al-2Fc + Al203- ] .he milling point of this 

the alumina is also fused, aui h 
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oxide is over 2000® C. The molten iron may be tapped from the 
crucible directly on the junction of two steel fails which are to 
be welded together, or the metal may be run on to such objects 
as broken parts of machinery in order to repair them. Thermit 

has been replaced to some 
extent by electric welding 
in cases where a mere join- 
ing of two pieces of iron 
or steel, as contrasted with 
building up missing metal, 
is required. 

Alumina. — Aluminium 
oxide, or alumina, AI2O:,, 
occurs as emery : an arti- 
ficial form called alundum 
is obtained by fusing the 
oxide in the electric furnace 
and is used, like emery, as 
an abrasive and also as a 
refractory. Hydrated alu- 
minium oxide, sometimes regarded as alunuDiuni hydrosdo, 
AI(0H)3, is precipitated as a gel (p. 179) when an alkali is 
added to a solution of an aluminium salt. It is soluble in 
excess of caustic potash or soda, but is not soluble in ammonia. 
It is a basic oxide, but also shows feebly acidic properties, 
t(jrming salts called aluminates with strong alkalies. 

I'recijntated alumina gel tond.s to adsorb substances from 
solution, c.g.^ proteina. I he adsorptive properties of alumina 
Ipve been used in purifying sewage : aluminium sulphate and 
lime are added and the precipitated gelatinous alumina carries 
down both fine suspended matter and also dissolved organic 
matter. It is also utilised in making the pigments called lakes : 
the colour in solution is mixed with alum and the hydrated 
aluminium oxide thrown down with an alkali. It carries with 
it^ the colour, and the jiowdcr when dry i^ called a lake. 
Carmine lake {crimson lake) is prepared in this way from a 
water solution of cochineal, the dried insect Coccus cacti which 
is found on a species of cactus in Mexico and Peru. Lakes 
are generally expensive pigments and the colours are not always 
very permanent (p. 531). 

Aluminium sulphate.— This salt. Al2(S04)3, finds a number 
v-f uses, e.g., in conjunction with rosin soap it is used in sizing 
paper (p. 49S). It is made by treating calcined kaolin with hot 
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sulphuric acid, when reaction occurs and a 

cal is formed, containing the silica and >ntpuri le. of the da^ 

This is lixiviated with water and the 

crystallised as 'white sulphate of ° 

.< .1-™- “ss,;,?, 

either potassium sulphate or ammomum sulphaU, and 
crystallisation : 

potassium alum : K2S04.A!2{S04),i,24H20 , 
ammonium alum : (NHi)2S04.*Al2(S04)3,24H20. 

Both form white, transparent, “'Lses waR-r 

isomorphous (p. 187). amorphous residue of 

K sS’ a“i' ( roT « ler^^X",,; Tnl^onium alum on 

water, ammonia and sulphuric acid and 

finally leaves a white powder of alumina . 

(N Hr).SO. A1.(S0.)3,^H.0 ^ ^ ^ 

Alum is manufactured from tlw "rh^ 

aluminium potassium sulpha c, ■ - „, sulnhate is (ormed, 

described by Pliny. : - nf hrveks nottcrv, and 

Pottery iid porcelain.- he clay is fine 

porcelain is clay 'n ''aryinK degrees IJ-lien moist and retaining 
grained, scmi-coUoidal, easily ^ lUhou'di some contraction 
its shape on drying and on u>ed in ancient 

occurs Bricks, both sun dr.e<l and baU^^^^ 

Egypt and Babylonia. Ibr bricks is impure, 

periods in both these lands. them a red colour, 

containing oxide of iron which g* \vhite. translucent. 

The mlnufacture of true have been 

non-porous ceramic, ".V ,hnih century a.d. It did 

discovered in China m the method of manufacture was 

not reach Europe until i 49 "- I jissistant Hotiiger, at 

discovered in 1709 in 1 7 .0. although 

Meissen in Saxony, where a factory as staric 
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white porcelain was first exhibited in 1713. The earlier work 
of Bernard Palissy ( 1 509* 1 589) was directed mainly to the glazing 
and colouring of pottery, or earthenware, as distinct from 
porcelain. 

Clay for making pottery or porcelain is washed to separate 
coarser particles, which settle out, and is then allowed to stand. 
In England it is mixed with finely-ground calcined flints and 
felspar or Cornish stone, a partly weathered felspar. The 
plastic mass is formed on the potter‘s wheel (Fig. 361), dried in 
warm rooms, and then fired in kilns (Fig. 362). 



Fio. 361. — Forming Pots from Cl.\y on the Wheel. 


The pottery furnace con>ists of a cylindrical tower with a per- 
forated domed lop, built of refractory bricks, with the eight or 
ten fireplaces arranged on the outside, and communicating by 
ports with the insi<le where the goods are stacked inside fireclay 
boxes called seggars. The whole is covered with a bottle-shaped 
housing of brick, called a hovels which is all that is seen from 
the outside (Fig. 362). The hot gas and smoke from the furnace 
pass out from the top of the hovel. 

In the process of firing clay, the particles at the highest tem- 
perature undergo partial fusion and become cemented together, 
forming a stony mass. Clay which contains a large proportion of 
silica and alumina in comparison with the basic oxides 
(.\iuO,CaO) always present as impurities, is very refractor)', 
and is caWed fireclay {e g.. Stourbridge clay). This is made into 
refractory bricks, and to prevent undue contraction on firing, 
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rOTllKV K 

. t ^*t\ K Vi ’ * 



£ 

■ ■; -: 

t . 

; k ' 




i 

- ^ 

. 'v' 

1*. 


1 '‘'-I' 
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Table-ware is usually lead glazed Mluau-s 

a paste (‘ slip ’) composed o1 lead < - ro t.red 

together with clay and telspar^ ,vhen il’-' gU/e melt.. 1 m. 

at a somewhat lower temperature ^ ,^,iaocl to glazes 


at\ somewhat lower tem^ature j^ K ^. ;; 
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firing, when the process is completed in one operation without 
first making a biscuit ware. Earthenware drainpipes and 
cheaper goods are salt-glazed : common salt is thrown into the 
furnace and the vapour of the salt is decomposed by the water 
vapour present, hydrochloric acid escapes and the alkali forms 
a thin layer of fusible silicate on th'* “urface of the ware. Porcelain, 
made from a mixture of pure China clay and a material con- 
taining silica, is glazed with a mixture of finely-ground felspar, 
quartz, and gypsum. 

The ware may be painted before glazing (some colours are 
applied on the glaze) ; the colours are metallic oxides 
cobalt oxide), which form coloured glasses (p. 595) with the 
glaze, or with lead oxide and silica, or borax, applied with the 
colouring oxide, before the glaze is applied. In porcelain used 
in laboratories the glaze must adhere firmly to the body, and the 
thermal expansions be so adjusted that no tendency to separation 
occurs on heating. 

Ultramarine. — The rare mineral lapis lazuli^ which has a 
beautiful blue colour, is a sodium-aluminium silicate containing 
sulphur in some form not completely defined, but probably as 
sodium sulphide. Ancient Egyptian amulets of this stone 
(which is very soft) arc common. In 1826, Guimet obtained 
artificial lapis lazuli^ or ultramarine. 

A mixture of kaolin, soda ash, sulphur, and charcoal or resin 
is heated to bright redness in a closed crucible. A white ultra- 
mariac, or. if air has been admitted, a green ultramarine is pro- 
duced. If this is mixed with powdered sulphur and heated in 
air. blue ultramarine is formed, which is ground and washed. 

.\lkaiies are without action on ultramarine, so that it can 
be used in laqndering to give a white appearance to linen, as 
it is not attacked by soap or soda. Acids, however, rapidly 
decompose it, with evolution of sulphuretted hydrogen. 



CHAPTER XXXIV 

COPPER. SILVER, AND GOLD 


Copper 

CoDoer— This metal occurs in the native or metallic state, 

e^ryTar"^ Um^J^e ^ [o"rm of S 

early as "Soo d.c. m E^>pt. Romans from the 

■ Cyprus ■ the Latin name cyprmm, or Cyprian 

island of C7pru^> ^ T^hese names, with the 

copper a terwa d^ b used^ for brass and bronze, so that 

Greek z/. translating Greek and Latin 

many Authorised Version of the Bible we read even 

illoy of copper and zinc) being dug out of the earth ! 

^BrTss ’ is frequently used in the Bible copper or bronze 

iirass 1. 1 . Greek version being chalkos. 1 ht 

■,;e^:r‘?;as‘vt.rr->y associated with the planet Venus, and 

designated by the ^ym^^^ quantities near Lake Superior 

cJprouf ox^de, Cu,0. and alld 

are bHght green and 

deep blL in colour, respectively, and 

!s.;— ss :iS 

copper (or ^‘“‘djopper^^ ^"Lcted from the residues left 
XrLirnfnR iron pyrkL containing copper (cupreous pyntes), 

■" ^:'’o'ppTr oc“ the reef co^^lurtngmatter of .he feathers onhe 

touraco bird and in the haemocyamn of the blood of the cuttlefish 
which acts like haemoglobin (p. 425) as an oxygen earner, b 

61 1 
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is blue in arterial and colourless in venous blood. Minute 
quantities occur in plants, especially in green peas. 

The main copper-producing countries are the United States, 
Rhodesia, Chile and Canada, and the normal annual world 
production is about li million tons. The commercial metal is 
of a high degree of purity and is used for electrical conductors 


Chlnwe^ 


and for alloys. 

Metallurgy of copper. — The oxttfe and carbonate ores are 

simply roasted and the oxide 
formed is smelted with coal : 

CuCOy = CuO 4 - CO2 ; 
Cu(0H)2 = Cu0 + H20 ; 
2CuO + C == 2Cu ■¥ CO2- 



Sulphide ores are more 
difficult to reduce. They are 
first roasted in a reverber- 
ator)' furnace (Fig. 363) in 
contact Nrith air, when the iron 
is principally oxidised and 
forms a slag of ferrous silicate with added silica, whilst the 
copper remains in combination with sulphur as cuprous sulphide, 
Cu^S, which fuses and sinks below the slag ; 


I'lG. 363 . — Reverberatory 
Furnace. 


sCuFcSy 4-40o -h 2Si02 = Cu2S -h 2FeSi03 -1-3SO2. 


The cuprous sulphide is separated and again heated in air. 
Part of the cuprous sulphide is then converted into oxide, and 
this reacts by ‘ self-reduction ’ with the remaining sulphide to 
form crude metallic copper : 

2CU2S + 3O2 = 2CU2O -f- 2SO2 ; 

2CU2O -f Cu.,S =6Cu -t- SOy. 

The ore is found mixed with silicate which is separated 

mechanicallv and bv froth-flotation. The mixture of ore and 
gangue is crushed, and suspended in water to which a little acid 
or alkali is added, and about one lb. of pine oil, tar oil, or 
eucalyptus oil per ton of ore. A blast of air is sent through the 
liquid, when a froth of fine bubbles is produced. The ore 
partiileSy which are preferentially wetted by the oil, pass off with 
the froth, the particles of ore coating each bubble of air, which 
in turn is surrounded by a film of oil. I'he earthy gangue 
particleSy which arc preferentially wetted by the water, do not 
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rise with the froth. The froth is then broken down mechanically 
and the ore smelted. 

In the American smelting process, the ore is roasted and 
fused in a reverberatory furnace with limestone ; the lused 
matte of sulphides of iron and copper is then run into a Besscuner 
converter (Fig. 364 : cf. Fig. 369) and ‘ blown, /.c.. a blast ol air 
is sent through the fused material. The iron is oxidi.ed and 



Fig. 364.—' Bi-owisr, ' fori EK in 


forms a slag with silica adiled. and i!'- 
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forms a slajj witn suua . 

verted into metal by the rea(;tn>n' ei'. I ■ • ^ fuMd arul a 

Crude copper is first punlio | ,1,^ ^,1 nduimg 

pole of green wood thrust into t r hk . . im-tal. 

gases arc evolved, which convert ain < s' 

It is further j-efined ,.„v :h. ..muUclure 

^ ,‘.ri '• ing electric 
iahlv lowered by 
i^My purilied nu'tal 


la l*-*i**vv4 y . j 1 

Copper refining > — Copprr 
of wires (,e.g., telegraph wires) and < a . . - 
currents, and since its con<luctni > i'' • . 1 
traces of impurities, it is neeisNar, • j 

The traces of silver and gold lound m tlu rt.o^ 
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of value. In refining copper, the electrolytic process is exclusively 
used ; the thin slabs of crude metal are immersed in a bath of 
copper sulphate solution acidified with sulphuric acid, and made 
the positive electrodes, or anodes. The cathodes consist of thin 
sheets of pure copper (Fig. 365). The copp>er dissolves from 
the anode as cupric ions, Cu and these travel to the cathode, 
where they are deposited as pure copper. Iron and zinc pass 
into solution as sulphates ; gold and silver (with some impurities) 
fall to the bottom as an anode s/inie, which is collected for the 
purpose of obtaining the precious metals. The electrolytic 
copper is then melted and cast. 


Current out 



Fig. 365. — Refining Copper. 


A similar process has been used since its invention by Jacobi 
in 1837, in electrotyping, /.e., depositing copper tlcctrolytically. 
This is used in reproducing statues and other works of art. The 
copper may be deposited on plaster casts covered with graphite 
to render them conducting, and the shell stripped off. In the 
same way. if an impression is taken on gutta percha or wax, 
and the latter covered with powdered graphite to render it con- 
ducting, a deposit of copper may be formed which reproduces 
the ^hapc of the original object. 

Properties of copper. -Copper has a characteristic red colour, 
which is pale when the metal is very pure. It is very' malleable 
and ductile, and can be rolled into sheets, hammered into thin 
leavc.s. anti tlrawn into wire. The metal may also be ‘ spun ’ on 
the lathe, in the production of seamless vessels. Small quantities 
of impurities reduce the malleability of the metal. 

Copper is used for the driving bands of steel projectiles. The 
driving band consists of a copper band recessed into a groove in 
the base of the shell, and projecting slightly above the surface 
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of the latter so as to be som<.vhat th^an^the bore of the^gu. 

On firing the she 1 , the ^ prevented from escaping, 

whlht trsL^.r:c’c,uhts‘a^^^^ Whfch serves to keep it ,n ns 

copper^does not axddise>^ut 

air the metal rapidly ,0 ^ patina which is usually 

brown film, gradual!)’ or'^near the sea the basic 

the basic sulphat^ This film, unlike iron rust, protects 

chloride, CuCU,3CuCOH)2. (oolished) copper utensils are 

s:t: brnTl^um^inTu^ vessels are now largely 

"?^portant alloys of copper "rm." e 

tin, and brass, ‘ and .0 of tin ; the metal used 

contains about 90 parts of IP j 7i,a-. Com- 

for coinage contains 95 ol ,■* to one of 7inc. German 

mon brass consists of two par s ^ consists of tour 

sUver contains copper, zme, *mUel , be 

or five parts of copper to one higb. viz. 1083 , but it 

The melting point of coppe 1. gravity of 8-9 ts 

is lower than that of iron bi'dur itian th.it ot iron (, 9)- 

lower than that of lead ^ -j j jh;^ copper and make 

Brass and bronze are more fus.bU thai j 

better castings. Uuauerfd to yirevent 

Brass and copper ‘ i):u' in >i>irit. eoloured 

corrosion; the lacquer is a sob ^ deposits an 

with the gum resin d . 

impervious film on the metal. Mtrc 

replacing lacquer. . (.subseci, and the P^ndm t 

On heating in air, the meta is . '^,,,., 1 ( 1 .. ^cupric oxide, ( uO), 

forms scales which are black on W - ^ „,etal 

but are red on the side whu b ■ ' . .^,r, cupric 

(cuprous oxide. Cu, 0 ). If heated lor a U . . 

oxide is formed. . , 1 tup-fus and cupric salts, 

These two oxides corresponc tl t 1 

in which copper is respectively unnaknt 
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Cupric Compounds, CuX* 

Cupric oxide. — Cupric oxide, or black oxide of copper ^ CuO, is 
formed by the prolonged heating of the metal in air or oxygen, 
or by heating cupric nitrate: 2Cu(N03)2 = 2Cu0+4N02 + 02. 
It is a black solid which is stable up to its melting point. Cupric 
oxide is readily reduced by hydrogen, carbon, or organic sub- 
stances, when heated below redness, and the metal remains. 
The oxide dissolves in fused borax, colouring it blue or green. If 
a little tin or stannous chloride is added to the borax bead, the 
cupric oxide is reduced to cuprous oxide, which forms an opaque 
red bead. Cupric oxide is used to give a light blue colour to glass. 

Cupric hydroxide, Cu(OH)2, is formed as a light blue precipitate 
on adding potassium or sodium hydroxide, or amnionia, to a 
solution of a cupric salt, e.g.^ copper sulphate. It is insoluble in 
excess of dilute potassium or sodium hydroxide but dissolves 
in excess of ammonia, forming a deep blue solution contain- 
ing the ion Cu{NH3)4++. On boiling with water, cupric 
hydroxide becomes black from conversion into cupric oxide, 
this change being complete when the dry precipitate is heated 
to redness. 

( \ipric oxide is a basic oxide and dissolves in dilute sulphuric, 
hvdrochloric, and nitric acids to form solutions of cupric sul- 
phate, chloride, and nitrate, respectively. 

Cupric sulphate. - I'hc commonest cupric salt is the sulphate, 
commonly known simply as copper sulphate. This 
rrvstallises from water in large blue glassy cr>*stals, CuS04,5H20, 
cail(‘(l blue vitriol or b/uestouc. Copper sulphate is obtained by 
dissolving cupric oxide in dilute sulphuric acid, by heating copper 
with concentrated sulphuric acid : 

( u -r = CuS04 + 2H2O + SO2, 

an<l by the ac'tion of hot dilute sulphuric acid on copper in 
presence of air : 

2Cu + = 2ruO : 

CuO + H^SO^ = CuSOj + HgO. 

The action of hot concentrated sulphuric acid on copper is 
reallv rather complicated. Cuprous sulphate, CU2SO4, and cuprous 
sulphide, CiuS, are formed ; 

SCu * 4H2SO1 = 3CU2SO4 -I- CujS + 4H2O. 

When the solution at this stage is filtered through asbestos 
and diluted with water, a red precipitate of copper is obtained : 

Cu.,S04 = Cu -r CuSOf. 
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As the reaction proceeds both the cuprous sulphate and cuprous 
sulphide are decomposed by the sulphuric acid and cupnc 
sulphate with some black cupric sulphide, CuS, are formed . 

sCxi^SO^ + 4H2SOj = CuoS + + 4H2O ; 

CuA + 2 H2S04 = CuS + CuSO^ + 2H2O + SO. ; 

CugS + 6H2SO4 = 2CUSO4 + 5SO2 + 6H2O : 

CuS + 4H2SO4 = CUSO4 + 4SO0 + 4H2O. 

The final products are almost entirely cupric sulphate and 
sulphur dioxide, although a /Me black cupnc sulphide ma> 

^^CoppeT'^sulphate is also prepared on the large scjde »jy the 
‘ weathering ’of copper pyrites, which may first be roasted . 

CuS + 203 = CuSO.. 

When hydrogen chloride gas is passed over heated copper 
sulphate, cupric chloride is form^ : 

CUSO4 + 2 HCl = CuCl. + H2SO4. 

Commercial cupric sulphate sometimes contains f«rous ^sul- 
nhate with one hydrated form of which, 1 tS04,5H2U, 1 
i^omorphous and foUs mixed cr,-stals. A solut.on of the sal. .s 

used for steeping seeds to prevent ^/“"f^rin the "iven 

The following concentrations of Ledlings 

proportion of water, have an injurious effect on ^^h(.at seed g 

when applied to the roots : 

Copper sulphate 
• Mercuric chloride - 
Silver ' - 
Zinc sulphate - 
Borax - - ' 

Calcium chloride 

The great activity of copper salts is bv the use of 

The differential or selective PO^^^ning « in killing char- 

solutions which do fields bv spraying with 

lock or wild mustard solution of blue vitriol, 

40-70 gallons per acre of P. hirlcv oats, and <'Iov<.t 

when the charlock withers destroying plantains ancl 

daisies in lawns, is sand conuini g weeds but acts as 

aluT^nd ^nd" ’’^Xary' ‘ weed killer ’ is a solut.on of sod, urn 


700,000.000 
30.000.000 
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arsenite, also used for sheep dipping. It is made by dissolving 
arsenious oxide (AsgOg) in caustic soda solution. 

A mixture of copper sulphate solution and milk of lime, con- 
taining suspended basic cupric sulphate, is used for spraying 
plants to prevent the growth of fungi and is called Bordeaux 
mixture. A common mixture contains 6 lb. of copper sulphate 
and 6 lb. of quicklime in 50 gallons of water. 

Copper sulphate is employed in calico printing, in the prepara- 
tion of pigments {e.g., Scheele's green^ Cu3(As03)2,2H20), and 
in electro-deposition. The salt is insoluble in alcohol ; it is 
precipitated in small crystals when alcohol is added to the 
aqueous solution. On heating the blue pentahydrate crystals 
at 100° they crumble to a bluish- white powder of monohydrate, 
CuS 04,H26. At 22 o°-26o'’ this loses most of the combined 
water. The last molecule of water of crystallisation of a salt is 
often retained much more tenaciously than the others. The 
white powder obtained by dehydration is used in the detection 
of traces of moisture in alcohol, ether, etc., since it very readily 
absorbs water and becomes blue in colour. 

Cupric sulphide. — Cupric sulphide, CuS, is a black solid formed 
by heating copper powder with excess of flowers of sulphur to a 
temperature below 440°, or, more easily, by precipitating an 
acid solution of a cupric salt with hydrogen sulphide. In the 
moist state it is rapidly oxidised by air, forming a blue solution 
of the sulphate. Cupric sulphide is less stable than cuprous 
sulphide, and loses sulphur when strongly heated alone, or in 

hydrogen: .CuS=Cu.S + S. 

The product usually obtained by heating copper with sulphur 
is cuprous sulphide, not cupric sulphide. 

Cupric nitrate. — Thi> .salt is prepared by dissolving the metal, 
oxide, or carbonate in dilute nitric acid, and on evaporation 
forms blue, deliquescent crystals, Cu(N03)2,3H20. Copper 
nitrate possesses powerful oxidising properties : if a few 
crystals are moistened and wrapped in tinfoil, sparks are 
emitted. 

Cupric chloride. — This salt is obtained in the anhydrous form 
as a dark brown mass by burning copper in excess of chlorine, or 
by heating the hydrate, CuCh.^HgO. When strongly heated it 
loses chlorine and leaves cuprous chloride. A crystalline hydrate, 
CuCla.aHoO, is formed in emerald-green cr)'stals by dissolving 
cupric oxide in concentrated hydrochloric acid and evaporating. 
In concentrated solutions it is yellowish-green; on adding 
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concentrated hydrochloric acid the co'°“Vbecon«s ycllotv _ This 
is due to the reversal of the ionisation : CuCU^Cu + 
colour of the undissociated salt being yellow. Aiery dilute 

solution shows the pure blue colour of the 

green solutions probably contain a mixture of the 'O" and 

the yellow un-ionised salt. ® 

and is also soluble in alcohol. The ^ j k.. he itinc 
with a fine green flame. A green flame .s formed h>. heatmg 

a little cupric oxide moistened with i> ^ 

platinum w'ire in a Bunsen flame. niLmient bv 

An oxychloride of copper is prepared io * ^ ^ ^ \JeIc ing 

boiling copper sulphate solution with a small quant.t) ot bleac g 

‘’°S;fpriccaxbonates.-OnlyiuriVcarbonatesofcopper^are^kn^^^^^ 

IcuTO Vu7o H^Tdorp^lue) 

^od^um caVbonate''prec^pitaies from a solution ot a copper salt a 
light blue basic carbonate ot coiiper. 


Cltkocs Compoonos. UuX 

Red cuprous oxide, CiuO, is MVc"7iil 

lupric compounds in the P--;"-;,"; j‘77‘^',,|u.ion of cupiic 
sodium potassium tartratL) r • ^ pioipitau- of cu()ric 

iulphate, the mixture does " ^ . - forms a deep 

lydroxide on addition ot cxccs-' O k. (vh ,' 1 ii.’> is boiled with 

Dlue liquid caJled Fehling’s solution. *v,,k t. is formed 

;lucose(p. 494 )iired lJrecii^^^ .,p,.’u< oxide is also 

^y the reducing action of the ^ linuted 

formed (mixed with cupnc ^ ,u.-y^/tiss (]'. 

iupplyofair. When fused with g • •- ..infri’ie and metallic 

With dilute sulphuric acid it give, .uiphate, 

copper separates : 

Cu..O + H,SO, = Cu K 1 1-:' *- 

" . , 1 .11 ot oxates ot 

Dilute nitric acid dissolves the oxi e ^ ^ p^rm- < 1 . Uoncen- 

nitrogen, and a solution ot .. 1 .. «v,th formation 

trated hydrochloric acid dis.soKe> j 

of a solution of v-hlonde. ^u • dissolving 

Cuprous chloride. CuCl, .1' ^bi,,,i, a. id, «n 'by reducing 

cuprous oxide in concentrated h>dr 
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cupric chloride by boiling a solution in hydrochloric acid with 
copper turnings until the solution becomes colourless : 

CuCl2 + Cu = 2CuCl. 

When the solution is poured into water a white precipitate of 
cuprous chloride is formed. This is rapidly washed and dried 
out of contact with air. Moist cuprous chloride easily oxidises 
on exposure to air. It is soluble in ammonia and the solution 
absorbs carbon monoxide and acetylene, the latter giving a red 
precipitate of CugCo. 

A black brittle mass of cuprous sulphide, CU2S, forms when 
copper burns in sulphur vapour. A few pieces of roll sulphur 
are placed on the bottom of a small flask, and the lower half 
filled with copper turnings. On heating the flask, the copper 
glows with a red light, and a black mass of cuprous sulphide 
is formed. This is the stable sulphide of copper. When 
moistened with water and exposed to air it oxidises slowly to a 
blue solution of cupric sulphate. 

* Silver' 

Silver. — Silver has been known from the earliest times (p. 14) 
its association with the moon led to the name Luna, or Diana, 
given to it by the alchemists, who represented it by the symbol 
of the crescent moon, It is not oxidised by pure air or oxygen, 
either in the cold or when heated, and is an example of a noble 
metal (silver, gold, platinum). In ordinary air it slowly tarnishes, 
and becomes covered with a thin adherent film, which exhibits 
the colours, yellow, blue, and black, with increasing thickness. 
This film is composed of silver sulphide, Ag2S, formed by the 
decomposition of hydrogen sulphide present in the air : 

JH2S -f 4 Ag + O2 — 2 Ag 2 S + 2H2O. 

Silver spoons become black in contact with eggs, the albumin of 
which contains combined sulphur. 

Most of the silver used is produced by desilverising lead, obtained 
from galena {q.v.), which contains small amounts of silver. Old 
lead roofs f>ftcn contain appreciable amounts of silver. The 
lead is melted with zinc, which dissolves the silver and floats to 
tlie Mirfacc. 

Silver is a white, very ductile and malleable metal, used for 
coinage, jewellery, and decorative purposes. It melts at a lower 
temperature (f)6o°) than copper and has a higher specific gra\’ity 
(ic-5). Standard silver^ in Great Britain, contains 925 parts of 
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depositing the metal on ^ reducing agent, such as formal- 

ss '”oS™rs. 

.j,;,rp»?is“ >.« 

and crystallibing. AcCl with chlorides, insoluble in 

precipitate of ^'"j,“dily®soluble in ammonia. Bromides 

dilute mtnc acid bu r^^^^y^o^de, AgBr, insoluble m dilute 

precipitate pale >euo , soluble in dilute ammonia, and 

;s: 2 i;;:V£ » 

2AgN03= zAg -t- 2NO2 + Oj. 

Silver 

rrde^^:St^;“this;" pp.^ iri^in 

ruinVintC -lit h^ when^'ihe same black deposit of 

silver is fornied. blackening of silver chloride on exposure 

Photography.— The ^ Scheele (1777) showed that if 

to light was observed by ^ ^ .^jth ammonia, unchanged 

the blackened silver remains. He 

silver chloride IS d^^h'^t rays act most strongly on the chloride 
also noticed that tiic loiv j nractically no action. Sih er 

whilst the red ‘Im'^to tLse ravsV adding to them 

salts may be — ^rosin, cyanines) which absorb light ot 
certain d>cs (< > X (-ailed photo-sensitisers. 

Thc"'scn"hrif rilver salts were used in making light pictures, 

or photograpl-. by Davy and Thomas Wedgwood (.803). 
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In the modem process an emulsion of silver bromide is pre- 
pared by adding silver nitrate to a solution of gelatin in hot 
water containing potassium bromide. The warm emulsion, 
after ‘ ripening ’ for some time, when the silver bromide grains 
increase in size, is allowed to cool and set. The jelly is cut up, 
washed with water to remove soluble salts, and is then remelted 
and poured in a thin film on glass (for ‘ plates ’) or celluloid 
(for ‘ films ’). It is then dried. All operations are carried 
out in the dark or in orange light, to which silver salts are not 
sensitive. 

After exposure in the camera, which may be for only a small 
fraction of a second, the film or plate does not change in appear- 
ance, but in reality a change has occurred in the places on which 
light has fallen. It is developed by immersing in a solution of 
a reducing agent, such as pyrogallol, hydroquinone or metol, in 
presence of alkali. The altered silver bromide is then reduced 
to black metallic silver : 

CeH/OH). + 2AgBr = -f- 2Ag -I- 2HBr. 

Hydroquinone Quinonc 

To prevent over-vigorous development, when some of the 
unchanged bromide is reduced and leads to ‘ fogging ’ of the 
plate, a retarder, consisting of potassium bromide, is added to 
the developer. 

Desensitisers are dyes (usually of the safranine class) which 
when dissolved in the developer solution enable development to 
be carried out in ordinary light instead of in the photographic 
dark room. 

After washing, the plate is fixed in sodium thiosulphate, which 
dissolves out all silver salts. The print, or positive, is made on 
paper impregnated with silver chloride and coated with albumin, 
which is tout’d after exposure by immersion in a solution of gold 
chloride (brown tone), or potassium platinochloridc (grey tone), 
a little of the silver being dissolved and replaced, by the nobler 
metal. It is then fixed in thiosulphate. 

A print may also be made on silver bromide and chloride paper 
(gaslight paper), which is exposed and developed in the same way 
as a plate. The gri.iiin in the plate and the albumin on the 
paper act as sensitis* rs to the silver salt, accelerating the action 
of light upon it. 

Sheppard (1925) found that the very high speed of photographic 
emulsions is due to the presence of traces (i part in 100,000 to 
i part in 300,000) of organic sulphur compounds present in 
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the subject is still very empirical. 


♦ Gold 

Gold.— Gold, by reason of firstniemfs 

of its beautiful colour and )ri ' ^ remains. 

known to man. .yn was called So/, and 

The metal ‘ O The alchemists considered 

E'ras t,r “ siPr.-*.-, .. ■ ' 

-.saSTS SSf aSnS’ -I! 

■certain amount of sihe , found in pvrites and other 

platinum. Some traco.s “^S°'<!;‘;e„.vered from burn, pyr.ies, 
ores, and m sea \saur. instead of iodine is yet un- 

but a seaweed which coHei - g nuariz veins or reefs, (ioltl 
known. T'he native go < o( ( > I The 

occurs in many p aces in supi>lied most ot 

Russian mines of the Jisroverv of gold in California in 

the metal until the accidental - - ^.pcciallv the Transvaal 

,849. The richest fields are i., .vorUl. and m 

f'-Tls e.^tend from Mexico 

^°^ure"gold is too soft Threopper^makes 

the colour redder Indent ./c/.r.m, or 

colour (Australian gold ,.|v.r. The ./;«c;rc^ 

‘ pale gold,; was an in zarots, pure gold being 

expressed either in parts I .,iiovs of ‘ 5 ' ^ 

24 carat fine, and f - .j,ov. arc legali.sed. Lnghsli 

carat, "‘r.^rm-au, Italian, and .Amor, can courage 

gold coin is 22 carat , 

is 21-6 carat. . . way as silver plating. 

Gold plating is carried ^f jrold cyanide in potas- 

by electro-deposition j.. of silver and copper sa ts 

sium cyanide, the ^Vposited as an alloy with the 

being added. These metuU arc Ct po 

gold. 
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Gold is the most ductile metal, as was stated by Pliny, and can 
be beaten into leaves 0-00009 mm. thick. The deposits on gold 
lace are only 0 000002 mm. thick. By treating gold leaf with a 
solution of potassium cyanide, films o-oooi mm. thick are 
obtained. A piece of gold leaf pressed between two plates of 
glass will transmit a green light. 

Gold is insoluble in single acids, but it dissolves in a mixture 
of nitric and hydrochloric acids, called aqua regia (because it 
dissolves gold, the ‘ king ’ of metals). The hydrochloric acid 
is oxidised by the nitric acid to chlorine, which dissolves the 
gold, forming gold chloride (really AUCI3, HCl, i.e.y HAUCI4) : 

HN03 + 3HC1 = N0C1 (nitrosyl chloride) + CIg + 2 HjO. 

Aqua regia also dissolves the metal platinum, forming platinic 
chloride (really, PtCl4 . 2HCI, i.e., HaPlClg). Platinum belongs 
to the transitional elements (p. 236) : it has a high melting point 
and is not attacked by common reagents, so that it is used in 
the laboratory for wire, crucibles, and dishes. On the large 
scale platinum, a very expensive metal, is chiefly used as a 
catalyst (p. 356), and (alloyed with iridium) for the make-and- 
break contacts in magnetos and induction coils. 


\pTER XXXV 

IRON 

Iron —The present day is in into general 

iron as a ,?rc.cecl.-d his own, ,,ed a. an 

Roman to any srnat '■’''^■"^ullk hOT whl^^^on^^^ 

Iron docs n consist o n ‘ ^ .,„a ca 

the earth, alinovig j consi>t ^ „:..i.el meteoric 

T'^'^'- 'rr on a:a onn. of the consisting 

classy nnncral. • rnsi in inoi>t air. -t ...,rth from space, 

iron docs not ea>i ,.^n^tuniiv iallins ' surf ice of the other- 

chiefly of iron, r ,,otKed on the . h of 

afthough of the polar been derived 

native iron, whu h ■ burning coal P • . ’ ^^^[\ in 

s” s=’Sr"Si£ "S" “;,r;£ 

ir F ii^'^ru Jfor';i;e'^^c;t^e of stiiphnric 

not an ore of iro . f^rrosoferric oxide. 
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found as sideriie or spathic iron ore, or mixed with clay as cl<^ 
ironstone, or with clay and coal as blackband ironstone. The 
hydrated ferric oxide and impure carbonates are the most 

important British ores. . ^ . . 

The metallurgy of iron.— Commercial vaneties ot iron, vtz. 

cast iron, wrought (or malleable) iron and steel are obtained 
from the ores in the following order : 


^Wrought iron->Crucible SteeL 

Ore^ast, or Pig-iron^, 

" Bessemer, or Open-hearth, Steel. 


The extraction of iron from the ore involves the following 


processes ; , • rr u 

(1) Preliminar}' roasting, or calcination, to drive off carbon 

dioxide and moisture and leave ferric oxide, FeaGg. 

(2) Smelting, or reducing the ore with carbon in the blast 

furnace. 



The blast furnace, introduced about 1500 (Fig. 366) consists of 
an outer shell of steel plates. lined with refractor)' bricks. It is 
alxHit 75 ft. high, the greatest width being about 24 ft. (at the 
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‘ boshes ’). The mouth is closed with a cup-and-cone, through 
which a mixture of ore, limestone and fuel is fed into the fur- 
nace whilst the gases (carbon monoxide and nitrogen) pass 
away through a pipe to a dust-catcher and s washer and are 
uUhLd in Lating the blast. The furnace below the dosh s 
narrows gradually to a hearth, at the base, which is pierced with 

the industry was carried on m S ‘ - j j ^ ^en coal 

where forests were cut beds of the 

began to be used, the iron indus > .Iwavs converted into 

Mfdlands and North. ^ raw 

coke before use m J furnace consists ot the 

coal IS used. The charge 10 md limestone (to form 

requisite amounts of roasted ir ^ntinuouslv. A large blast 

the slag). The process goes on <,00 tons of 

furnace will use * 5°° tom o ort^. produce about 

limestone and 4^00 tons o a, ic te< t of gas containing 

1000 tons of pig iron and -o million cubic U carbon 

about half its volume of . ,u,ii proportions by 

monoxide and carbon diox.de m about . lu 1 

The air blast , Tvli- Icr lined with hre- 

stoT« (Fig. 366), "a chenu -r l,ri.k-A"rk. Part of the 

bricks, packed on one ^ with ..ullicient a.r to 

hot gas from the blast -„r:, are heated to red- 

burn it, passes through these ; ,tove and the air 

ness. The gas is then until the brickwork 

blast to the tuyeres sent . . .,|,cr.i u^ed a> ab>orber> 

has cooled. The two .stoves . re rlui. -m way an 

and emitters of heat, or as boat r-ge 
economy of fuel is effectec . 

Chemical reactions in the blast ftt^ace.-l os^.^ 
blast unites with Csirbon m 
monoxide ; ,C-^0. = aC 0. 
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The temperature of the charge passing down the furnace 
increases continually from the mouth to the hearth, ^ 

Above the boshes, at a dull red heat, the ferric oxide is reduced 
bv the carbon monoxide to spongy iron : 

FegOg + 3C0^2Fe + 3C02- 

In this upper region the limestone is decomposed into quick- 
lime and carbon dioxide, some of the latter being reduced to 
carbon monoxide by the heated carbon. 


l a.. >/)■;. — Rlast Fcrnaces with Cowper Stoves. 

Near thi^ centre of the furnace, down which the charge is 
pa>>'ing ronlinuou.><ly, finely divided carbon is deposited by 
«-lec()mp^)^ili^m of carbon monoxide : 

2C0.-M''-fC02, 

ami at the same time the lime. i\iO, unites with the silica, Si02, 
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and alumina, Al.O,, of the ore to form a fusible ^ Ih? 

of calcium silicate and alummate. This slag runs out ot 
lower part of the furnace through the slag-notch. 

At a white heat, in the lowest part of the furnace, '^^e’-c t ie 
blast enters the spongy iron, containing carbon, silicon, sulphur, 

Bessemer or open-hearth steel turnaces. 

Cast iron -Pis non contains from 3 to 4 per cent, or more 

orSU; .,,h ii»~ .na 

and phosphorus. n u i i * in the form of iron carbid^» 
;r i: bnu;:! ™ i^aLe, a.td dissolves near.v 

completely in dilute 

in the form of fine lanunae ol . „„ solution in 

time becoming softer ami ■ j j ^ and leaves a black 
hydrochloric acid it evfdv^s ‘ iron is known as 

'• 

'7.., 1 ™ j».i. iJ;.:' 

expands on solidihcation. f- impure and 

furnace is the oheapesi orn 

brittle to be used excepi wrought or malleable 

[ro"n,‘ an.l smefi ra '.’ ir'mt ,s crystaWnc in structure. 

MaUeable, or nought, iron. -d ' p,’k"r'boii, and 'Iwhs 

containing only from o-i - o - Malleable iron contains 

at a higher temperature lb|;u i.npurities (carbo.i, sulphur, 

less than 0-5 per euU trom cast iron by the 

phosphorus, sihton). . J-.S4. The cast iron is 

puddling process, (piy. the hearth of which 

fused in a reverberatory 'ur 'ut' < „„bon : 

is lined with haematite, which oMclisCs 

3C . l e,0, = 2l''e + 3 C 0 , 

. , u 1 1 tliroimh the molten iron. Sul- 
the carbon monoxide J " oxidised and pas.s into the 
phur, phosphorus, and silicon 



630 


EVERYDAY CHEMISTRY 


slag When the metal becomes pasty it is formed into lumps, 
or ‘ blooms,’ which are beaten under steam hammers to squeeze 
out the slag. The iron, although not fused, ^ welds together to 
a coherent mass below 1000°. Malleable iron is tough and 
fibrous in structure ; its property of welding is exceedmgly 
valuable and is applied in various ways by the blacksmith. 
Its softness is not appreciably altered by heating to redness ^d 
quenching in water, whereas steel then becomes very hard ; 
wrought iron cannot be hardened or tempered as steel can. 
Mild steel is really malleable iron produced by the Bessemer 
or open-hearth processes to which a little carbon has been 
added to increase its strength, and its use is largely replac- 
ing that of wrought iron, although the latter is tougher than 

steel. ... . j* 

Iron containing combined phosphorus is brittle at the ordinary 

temperature and is said to be ‘ cold-short ’ ; combined sulphur 
(probably as ferrous sulphide) makes it brittle when red-hot, or 

‘ red-short.’ ^ , , • j- 

P\ue iron, which occurs in the soft iron wire used for binding 
flowers, is too soft for general use. It is an almost white metal 
with a high melting point (1533") ^ specific 

gravity (7*9). Iron powder, prepared by the reduction of the 
oxide at fairly low' temperatures by hydrogen, catches fire 
spontaneously in air, or \s pyrophoric. Pure iron is also obtained 
by electrolysis of ferrous sulphate or ferrous chloride solutions, 
although other salts {e.g., calcium chloride or ammonium sul- 
phate) may be added. As obtained it is brittle and charged w’ith 
hydrogen, but on heating, the hydrogen is evolved and a very soft 
]/urc iron remains. Electrolytic iron tubes are made, and the 
deposits are also used for facing electrotypes. 

Vcr>' pure iron, containing less than o*i per cent, of total im- 
purity, called Annco iron, is made by a modification of the open- 
hearth process (p. 633). 

Steel. — Steel is iron w'hich has been fused in the process of 
manufacture and contains from 0*15 to 1*5 per cent, of carbon 
and generally a little silicon. It may also contain manganese, 
titanium, chromium, nickel, tungsten, and vanadium, w'hich are 
purposely added to produce w'hat are called alloy steels, used 
for special purposes. Steel is made (i) from cast iron by re- 
moving part of the carbon ; (2) from malleable iron by adding 
I .irhon. 

The best steel is made by adding carbon to wrought iron in 
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. - Hare r>f wrought ifon arc heated in 

fir^ra^boxes wuTcharcoa^ for one or two weeks. Absorption 

cast iron by : 

r";;;e u.a .n 

Ge^lny'anTAnfenratu. has n,"os.,y been replaced in England 

by the open-hearth process, 
which is said to produce a 
better steel. The molten pig 
iron from the blast furnace is 
run directly into a converter 
(Fig. 369), a large pear-shapecl 

iron vesseb lined with refrac tory 
bricks. The converter sup- 
ported on trunnions, air being 
led by a pipe to u Ivo Ionn 
perforated bottom, trom wl.ic 1 
It is forced through tiic n«eUil 
The molten cast iron ia addeo 

through the open mouth 
the converter horizontal am 
blowing is then begun. l position, ami blowing 
converter is next swuiig mt. . • ^ ^kIacU pa^^e.s mto 

continued. Silicon 1^ h''* rh-r.Miitmg 

the slag, then a portion <. , ca-inm monoMde. 

ferric oxide removes tlic - ^ ..-(..nh ol riu- consi-rur 

which is freely evolved and , i, ,hot through by 

as an orange-yellow tlame > ria; tiame sinks 

showers of sparks. . neen r.-moved. 1 h-.- purim.< 

indicating that the hi:,!, t. -np. ratmv. 1 lie 

iron is still liquid, owing ,.,,,..,1. and tlu- requisite 

converter is again til ec , ij-or-maiLg 'uvse alloy ritli m 

amount of spiegeU,^". - ■ f,,,,,.. i-,y lintlur t, t.ng 

carbon, is added. hy " ,V,‘ ..J u..v. lling cranes, iron, 

the converter, into ladles supp' rua . 
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which it is run into moulds. According to the percentage of 
carbon added, various kinds of steel are produced : tool steel 
(o-g-i-5 per cent, carbon); structural steel (o-2-o*6 per cent, 
carbon) : mild steel (o‘2 per cent., or less, carbon). 

When the ores of iron contain phosphorus, the resulting 
iron or steel, if made in the ordinary way, would be ‘ cold-short, 
le.. brittle when cold. Such ores are worked by the pre^ess 
of Thomas and Gilchrist, in which the usual silica (‘ acidic ) 
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AtR BLOMnt IN 
TKROUCH PrRPOMTiO BOTTOM 




POURING 


I li-r V"'- — DrCR \T10N OF THF. r>F.«:SF.M F R CONNFRTKR. 

/'i , •. ' • r/i.- 

linin;: n| ilv < .,ru i ricr i- replaced bv a ‘ basu' * lining of magnesia 
and liiur. orcpari d liv « alcining doloniiu'. l.iine^tone or lime 
i- tir'i c!i,ir:_id ini<i ihe < nnvi-rtcr. along with coke, and the 
l»la>t tumid «<ri. Million pig iron i> tlu-n run in and the Idast 
((iniinu' d. t 'arlmn tir-t burnt out a> U'«u.d. but if the blast 
i'. pri'li ,i!t<. r tln' ilaine drops, ilu* phos])h'»rus is oxidised, 

uniti-' Hidt ill' linn- addiil • am/ Iroin the c'onx'ertiT lining — 
and I 1 11' a slag loniaining ba>ic calcium phosj)hate and free 
I' ba-ic >lag ’). which is u.scd as a fertiliser. Spiegeleisen is 
'■'i n adik-d ti) form the steel. 
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The steel billets, produced in “b" 

X;^/ufn’aceTaraTd «e 

out in a large flat S ihrSugh separate 

by producer gas. ajr c ^ pairs and alter- 

heat regenerators of combustion and the gases, 

nately traversed by the p ^ gani>tcr 

as in the Cowper s oves. "V^-^ed magnesite or 

(silica rock) in the acid process or calcineO mag 

furnoiCt heofin 


H 

furfMice 
heating 

trickwork 


HeaUd air 
to 



HraUi oas 
to furnace 


furnace gas 


c/fi 


F.O. 3,o.-Open-Hsabth Srerr « 


r lo. - 

. or!u^r:inv carru'd out syith a 
in the basic process. '' 'v iili l.r',.-i-'nc oi lime m ihe 

Tnixture of pig ir<^” I I’ as a Hux. I he 

basic process, together "‘,V>m.NM!c.'and t!ie ciirbon and 

molten charge evolves ^1,, .ojuired amount 

silicon are decreased b> .n ’• i” , 

phosphorus and sulphur Ik' ^ I t made to tilt and 

basic^Bcssemer process. 1 h^ H 1 he operation 

J.* <1 rirtrtion of ^ts COntl ^ . .A vfrcl Ut H HHIC, 1 “' 


Sargn port on of its content, into nw :j is 

Zrs ; and is now 

rre laTX-e™'''- l'''-’ 'i'";' roducion of -peoud lugh nualdv 
steeU. T^are mostly on , the arc 1-' vertical 

refractory crucibles ,-lertiie arc is struck, 

carbon electrodes between whuh an 
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The temperature is very high and the difficultly fusible alloy 
steels may be produced in such furnaces. 

♦The properties of steel.— The properties of steel depend on the 
content of carbon : low-carbon steels are soft, like wrought iron, 
and are known as mild steel ; with turther addition of carbon 
the ductilitv falls, whilst the tensile strength increases up to a 
limiting percentage of carbon. Wrought iron and mild steel are 
malleable and may be welded. The melting point of steel is 
lower than that of wrought iron. The properties of steel depend 



I'l;. 371 •— I ’u-^TOMii'KOGRAi’ns of: 

(il) Pl KT \s*S!vrM» IkM*.. \V*IN</ LAH l AI most rSTIRHV FHFF 

I s’Ti K» K V ' 1 v: T 1 ; iiir Mkivu 1 ^ vyky 'U»r; Hard 
M ill, ss A*,' Ml ..\u * OS T AIM SC. C AH HUS IS SOLID 

'••l.l 1 % Ih • '* . 


al>o on ilu- //t ..’/ fri Um'-nl t<» which the metal has been subjected. 
If Arv\ hc.tod tc rcdnc«;s ami plunucil into cold water, it be- 
< ona > .i' h.ir>i .oul lirittle as gla"'. If it now heated to various 
tcinp' ratun iltc n-'iiliing nu-ta! po.NNCsscs properties depending 
<»n the tempi ratun-. 1 Ins operation is known as tempering, and 
tile icmprr tiurc in.iy l*c judged hv the colour of the thin film of 
i^xitle proiluci'd on a hriglii >uri.ice of the metal : 

2JO'' ; li:;ht •'traw colour : used tor razor blades. 

255 ; hro\vni>h-yellow : u^-d ior j>cnknives and axes. 

277 : jatrf'lc : used tor cullcrv. 

2 s>.s ; briglit blue ; used lor w atch-springs and swords. 

rco'-jK' : dark blue : used lor chisels and large saw’S. 



properties of steel 


635 


The changes taking place in the annealing of steel are 

r^'jrs?ab?e below soft and magnetic, and capable 

if dissolving only very '''3^)“’ ni^magneTc 

.-iron at the transition point 900 solution ; 

and capable of 00° The .-iron becomes 

(3) S-iron, formed y- allotropic change 

rnto"a®"bon was’ formerly thought, but a physical 

‘^X^e'crystal lattice (see P- 

mr cubO, y-bon has a 



Fig. 372.— HODV-CENrltED 

Cubic Lattice. 
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--3._Fack-centre 
Cubic Lattice. 
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It the ccntru ot Uiicli fiicc 
I bese are shown in 

at the centres or iace>. unu . changes 

over 10 million m a ,ncrea-'>es, but as there 

to y-iron the j.on cul-e the net result is actually 

are more iron atom> m tnc / 

a contraction. inWi.r < \rl>on i' 

When solid steel containm^^ j tl^is tern- 

remains dissolved in ^ ' ^1,;^ jo^^.s riot tii^^olve I*: 

peraturc a-iron formj ' ol comentitc (iron carbide, I’Ca ) 

carbon separates as hard g ,-oo//fiif. Iiowever. the carlion 

inasoftmatnxofa-iron. J y ; t^raicd solution, lorinmg 

remains dissolved as a :,i!,^,ped ervstaU. culled martensito. 

a hard brittle steel. as hard grains of ccmcntite, 

In annealing, some carbon scparut 
and the iron matrix is :>oftenea. 
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Wrought iron is case-hardened by heating in contact with carbon 
or potassium ferrocyanide, when a surface layer of steel is 
duced, giving a very hard surface of high-carbon steel (which 
would be too brittle if used alone) with a very tough body of 
mild steel (which itself would be too soft). Armour plate is made 
by case-hardening a sheet of soft steel on one side and then 
spraying it with cold water. It is pierced in a clean hole by a 
soft-nosed shell, whereas hard steel splits in pieces. Nickel- 
chrome steels form very tough armour plates. 

Steel is difficult to cast free from flaws, whilst cast iron has not 
usually sufficient strength. If the cast iron is cast in a metal 
mould so as to cause rapid chilling, the cementite may be removed 
by heating the casting embedded in haematite for several'days. 
The combined carbon on the surface is oxidised and that from 
the interior diffuses out to replace it. Finally the carbon content 
is reduced to that of steel and the metal is cooled. This is a 
malleable casting. In America the cementite m the interior is 
caused to decompose with separation of fine graphite and the 
iron becomes soft : the result is called a ‘ black-heart casting,’ 
since it is white outside with a black core. 

* Special alloy steels. — In recent years great progress has been 
made in the production of steels containing what were formerly 
often ‘ rare ’ metals ; these steels, after suitable heat treatment^ 
possess valuable properties, and in advertisements of motor cars, 
for example, the axles are often described as composed of 
vanadium steel, the valves of nickel steel, etc. 

Manganese steely containing 9-14 per cent, manganese, is very 
tough and wear-resisting, and is used for rails exposed to heavy 
wear (on bends in the track), for the jaws of rock-crushers, safes, 
etc. Sir Robert Hadfield, of Sheffield, was one of the pioneers of 
modern steels with his invention of manganese steel in 1888. 
It is used directly as quenched and cannot be annealed. 

Nickel steel has a higher tensile strength than common steel; 
nickel-chromium steel containing 3 per cent, of nickel, 0*5 to i*5 
per cent, of cliromium and 0*3 per cent, of carbon is a useful kind 
and is applied in making cables, propeller shafts, and aeroplane, 
motor-car and bicycle parts. It docs not require quenching but 
can be hardened by cooling in air. When it contains a larger 
proportion of nickel it resists corrosion, and is used in motor 
engines for the exhaust valves, which are exposed to the very 
liot gases passing out after the explosion in the cylinder. Steel 

intaining 30 per cent, of nickel is called invar, and scarcely 
expands on lieating. 



rusting of ikon 


<>37 


C,ro^iun.-vana^.um “‘Tan^be^^nt 

cent, vanadium) ^ ver> f , ■ ^ used for motor car 


seq 






S 


§ 


s 

i 


aouuic 'Tunff^ten sleet is usca loi 

frames and front /^'^ft^^omagnets ; cobalt steel retains 

magnets ; silicon ste. ^ remarkable degree, and is used in 
permanent magnetisn p^aenetos ; chrotniinn tungsten or 

permanent magnets ^ted to moo^* and quenched. 

chromium-molybdenum sted^\ ^p^ed 

remain hard even ^ Thev generally also contam 

lathe chisels and is an alloy of ordinary steel 

some vanadium . j,., , per cent, of chromium and 

dints ’ on;— -r 

when abraded by a car 
borundum wheel. 

The rusting of iron. 

The one great to 

the use of iron is that the 
metal when exposed to or- 
dinary moist air is 
corroded to a reddish^ 
brown rust, consisting 
chiefly of hydrated ferric 
oxide. The conditions un- 
der which rusting takes 
place have been investi- 
gated by several cxperi- 

cT'i "t-i °/ affecl" o^e 3 „._Kx,..k.mc.vs o. r.m 

The ^'presence of 

„,^ter is “rmenters the presence of carbon d.oxule 

according- to some ,us? usually contains ‘ Onsider- 

is also necessary^ _ > hydroxide and carbonate mdicatmg 

r ration orrse^ompounds is probably the first step 

in the corrosion of the meta . 

Fc-(- 2H20 = Fc(0H)2 + H2 ; 

Fc + HoO + CO2 = FeCOa + Ha- 
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The following simple experiments throw some light on the 
rusting of iron. Four lots of clean iron nails are taken. 

(a) Ordinary tap water is boiled in a test-tube until it begins 
to bump, showing that dissolved air has been expelled. The 
first lot of nails are put in and the boiling continued for half a 
minute, when melted vaseline is poured on the top of the water 
to exclude air. Here iron -1- water are present, and /Ae iron does 

not rust on standing. . . 

ib) The second lot of nails are put into a test-tube filled witn 
tap water. Here iron + oxgen + much water + carbon dioxide 
are present, and the iron rusts on standing. 

(c) The third lot of nails are put into a test-tube with a little 
water and the iron again rusts on standing, the conditions 
being’similar to those in {b) except that less water is present. 

{d) The fourth lot of nails are put into a desiccator over con- 
centrated sulphuric acid. Here iron + air alone are present and 

the iron does not rust. j- -j • 

(c) The following experiment shows that carbon dioxide is 

retjuired to produce rust. About 100 c.c. of 15 per cent, caustic 
potash solution is poured into a 500 c.c. flask fitted with a partly 
bored cork. The solution is shaken in the flask and after 
siaiuling for two davs all the carbon dioxide will have been 
abstracted from the air in the flask. A large bright nail is boiled 
with distilled water as in Expt. {a) and then pushed through the 
cork of the flask, a short length being left outside. The part of 
the n.iil outside rusts as usual, but the part inside, exposed to 
air • water vapour, but no carbon dioxide, does not rust. 

( /) T'he under parts of the nails in E.xpt. {b) remain bright, 
rust being deposited on the tops, nearest the air. This indicates 
that iron mav pass into solution, which is then oxidised by 
expo.surc to air. If nails packed vertically in a jar are covered 
with a piece of hardened filter paper, and tlie whole covered with 
boileil 4lisiilled water, it will be found that rust is deposited above 
the filler paper on standing. 

.According to another theory of rusting, the different parts of 
a vu'CQ of iron act as poles of voltaic cells and solution of the metal 
occurs as the result of IcH'al action. This is quite compatible with 
the fiu't that oxidation occurs only in solution, since ferrous ions 
inav be formed initially by tlie action of hydrogen ions from water 

or carbonic acid: = Fe" + H.,. 

■■ 

In presence of air the dissolved ferrous iron is oxidised to 
ferric iron : 4Fe" -r HFO =4Fe- +4OH'. 
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The ferric ions and hydroxide ions then precipitate as feme 
hydroxiderwhich is one constituent of rust (see above) : 

pg- + 3OH' = Fe(OH)3. 
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anhydrous chloride, FeCla, is obtained in white lustrous scales 
on heating iron in gaseous hydrogen chloride : 

Fe + 2HCI = FeCl2 + Hj. 

Anhydrous ferrous chloride volatilises at a bright red heat ; 
its vapour density indicates that molecules of Fe2Cl4 and FeQ2 
are present. When ferrous chloride is heated in steam, hydrogen 

is evolved : 3FeCl2 + 4H2O - Fe304 + 6HC1 + Ho. 

Ferrous sulphate. — This is the most important ferrous salt, 
FeS04, and is obtained by dissolving iron in dilute sulphuric 
acid, or by the slow oxidation of marcasitey or ‘ coal-brasses,’ 
FeSg, by air in presence of water. The common form is green 
vitrioly or copperaSy FeS04,7H20, in light-green crystals. 

Ferrous sulphate readily forms double salts with the sulphates 
of the alkali metals, R2S04,FeS04,6H20. If equimolecular 
amounts of ferrous sulphate and ammonium sulphate are dis- 
solved in separate amounts of warm water, and the filtered solu- 
tions mixed, ferrous ammonium sulphate (XH4)2S04,FeS04,6H20, 
is deposited on cooling in light bluish-green crystals, much less 
readily oxidised by atmospheric oxygen than ferrous sulphate ; it 
contains almost exactly one-seventh of its weight of ferrous iron. 

When the green crystals of ferrous sulphate hydrate, 
FeSOj.yHjO, are heated they first of all lose water and form a 
white amorphous mass of the anhydrous salt, FeS04. When 
this is more strongly heated, it decomposes, with evolution of 
sulphur dioxide and sulphur trioxide (which forms dense white 
fumes of sulphuric acid in moist air) and a red powder, consisting 
of ferric oxide, remains : 

2FeS04 = FcaOa + SO, + SO3. 

This reaction was formerly used in the preparation of sulphuric 
acid. (Copper sulphate is scarcely decomposed at a red heat.) 

Ferrous carbonate. — This compound, FeCOj, occurs as sidenUy 
or spathic iron ore, isomorphous with calcite. It is formed as 
a white precipitate on addition of an alkali carbonate to ferrous 
salts. The precipitate rapidly becomes green, and finally browTi, 
on exposure to air, owing to oxidation to ferric hydroxide. The 
addition of .sugar retards the oxidation. Ferrous carbonate 
dissolves in water containing carbonic acid, forming ferrous 
bicarbonate. Fe(HC03)2. which is sometimes present in rivers. 
( )ii exposure to air, red ferric hydroxide is precipitated : 

2Fc(HC03)2 + O = FcjOg -I- 4C02 -t- 2 H 2 O. 

Plants absorb iron from the soil as the bicarbonate. 



FERROrS HYDROXIDE 


641 
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Aqueous solutions of ferric chloride are produced by dissolving 
ferric hydroxide in hydrochloric acid, or by saturating solutions 
of ferrous chloride with chlorine. On evaporation, yellow 
crystals of the hydrated chloride, FeCl3,6H20, are deposited on 
cooling, readily soluble in water. Ferric chloride solution is 
used as a styptic, i.e. in stopping bleeding. It coagulates the 
blood, forming a clot. The solution is strongly acid, due to 
hydrolysis : 

Fed, + 3H20^Fe(0H)3 + jHCl. 


On heating the hydrated salts, hydrwhioric acid is evolved, 
and a basic salt, or finally ferric oxide, is left. 

Ferric sulphate. — A solution of this salt, Fe2(S04)3, is obtamed 
by boiling ferrous sulphate wdth dilute sulphuric and nitric 
acids. Nearly pure nitric oxide is evolved : 

6 FeS 04 + 3H2S04 + 2HN03 = 3Fe3(S04)3 + 2N0+4H20. 


Ferric sulphate is also formed by evaporating ferrous sulphate 
with concentrated sulphuric acid : 


2FeS04 + 2H2S04 = Fe2(S04)3 + SO, + 2H2O. 


Anhydrous ferric sulphate is a yellowish-white powder, dis- 
solving only very slowly in water, but ultimately forming a very 
concentrated solution. This is brown-red owing to hydrolysis, 
but becomes paler on addition of sulphuric acid. The salt 
crystallises from solution with seven molecules of water of 
crystallisation. With potassium and ammonium sulphates ferric 
sulphate forms iron alums, e.g.^ (NH4)2S04,Fe2(S04)s,24H20, 
with a violet colour when pure, but often pale yellow, owing to 
the presence of ferric oxide. These are readily soluble in water, 
and are not appreciably hydrolysed. The potassium alum, 
K2S04 ,Fc 2(S04)3,24H20, does not cry'stallise so readily as the 
ammonium salt. 

On heating ferric sulphate, sulphur trioxide is evolved, the 
reaction being reversible : 


Fe2(S04)3^Fc203 + 3SO3. 


Ferric sulphide, FC2S3, is obtained by the action of hydrogen 
sulphide on moist ferric hydroxide, as in the process for the 
removal of hydrogen sulphide from coal gas (p. 344), but it is^ 
not very stable. 

Ferric hydroxide. — If ammonia is added to a solution of a 
ferric sail, a reddish-brown, gelatinous precipitate, generally 
called ferric hydroxide, is thrown down, which is slimy in the cold 
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Ferrous salts are oxidised to ferric salts by chlorine, bromine, 
acidified potassium chlorate, or boiling nitric acid : 

2FeCl2 + Cl2 = 2FeCl:^ ; 
aFeSOi + H,S04 + Clj = Fe2(S04)3 + 2HCI ; 

6FeCU + KCI63 + 6HCI = fiFeCla + KCl + 3H2O ; 

6FeS04 + 3H2S04 + 2HNO3 = 3Fe2(S04)3 + 4H2O + 2NO. 

Ferric salts are reduced to ferrous salts by nascent hydrogen 
zinc and dilute sulphuric acid), by sulphur dioxide, by 
hydrogen sulphide (with deposition of sulphur), and by stannoiu^ 
chloride : 

Fea3 + H = Fea2 + HCl; 

2Fea3 4- SO, + 2H2O = 2FeCl2 + H2SO4 + 2HCI ; 
aFeClg + HjS = zFeCIg + 2HCI + S ; 

2FeCl3 + SnClj = 2FeCl2 + SnCl4. 

* Cobalt.— Cobalt and nickel are two metals which resemble 
iron in many ways and occur in the same group in the periodic 
system (p. 236). Cobalt, which is mostly extracted from ores 
in Ontario, has so far not found such extensive application as 
nickel, but it is used alloyed with iron, as cobalt steel (35 per cent, 
cobalt) in making permanent magnets for magnetos. These 
magnets can be made much smaller than carbon steel magnets 
and they retain their magnetism much more tenaciously, and so 
do not tend to become demagnetised. Stellite (p. 566) is a useful 
cobalt alloy ; an alloy of cobalt, iron, and chromium, called 
I'esfcl metal, is used for cutlery. 

Cobalt compounds are used in making blue glass (p. 595) 
and blue enamels. When fused with silica and alkali (potash) 
thev give an intensely deej) blue mass {smalt), used as a pigrnent. 
C'obali plating has also been attempted : the metal is said to 
adhere well to steel and shows no tendency to strip at the 
edges. Thenard's blue is a pigment obtained by heating freshly 
precipitated cobalt phosphate with freshly precipitated alumina ; 
Rinman's green is a pigment obtained by heating cobalt 
phosphate with zinc hydroxide. Cobalt compounds have also 
been used as ‘driers ’ for paints. 

*Nickel. — This metal is extensively used for nickel plating, a 
process in which the metal is deposited electrolytically from a 
solution of a nickel salt. Finely divided nickel is also used as 
a catalyst in hardening oils (p. 292). Alloys of iron and nickel 
{nickel steel) have valuable properties. An interesting technical 
process for the extraction of nickel, the Mond process, depends 
on the formation of a volatile compound of nickel and carbon 
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iron, known as Permalloy^ Mumetal^ etc., and distinguished by 
remarkable magnetic permeability at low magnetic intensities, 
have recently been used in telephone, cable, and radio-communi- 
cation. For some lime the manufacturers of electric light bulbs 
have used a copper-sheathed alloy of iron with about 38 per 
cent, nickel for the sealing-in wires passing through the glass. 

Nickel is used also to some extent in light aluminium sand 
castings for hardening the alloy : an interesting alloy of this 
sort is the ‘ Y ’ alloy of the National Physical Laboratory, 
which contains: copper, 4; nickel, 2; magnesium, 1*5; 
aluminium, 92*5, and was developed originally for automobile 
pistons, which must have a high tensile strength at high tempera- 
tures. Monel metal is an alloy of nickel and copper obtained 
directly from the ore at Sudbury, Ontario. It has great tensile 
strength and is very resistant to oxidation and chemical corrosion, 
especially towards hot alkaline solutions. Monel metal is largely 
used for turbine blades especially when superheated steam is 
used. It is difficult to cast, forge, and machine. 

Nickel copper alloys have been in use for a considerable time 
in China for coinage, and are also extensively used in America 
and on the Continent of Europe for the same purpose instead 
of bronze. 

A Bactrian coin dated 235 b . c . consists mainly of an alloy of 
copper and nickel, produced by smelting a natural sulphide of 
copper and nickel. Such an alloy was known to the Chinese, 
wlio called it paktong (usually misread * pakfong ’) or ‘ white 
copper.' After the discovery of nickel by Cronstedl in 1751, its 
presence in paktong was discovered, but it was not until about 
1823 that the alloy was manufactured in Europe. Its use for 
coinage began in Switzerland in 1850. The modern nickel silver 
i.s an alloy of copper and nickel. 
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Lead oxidises rapidly but superficially in moist air, a white 
film of hydroxide and carbonate being deposited. Pyrophonc 
lead obtained bv heating the tartrate, ignites spontaneously in 
air (p. 282). The metal is not attacked by pure water (except 
at the boiling point), or by dry air, but is rapidly corroded in 
moist air or in soft water containing dissolved air and carbonic 
acid, forming a white deposit of lead hydroxide, Pb(OH)2, 
which is appreciably soluble in water, rendering the latter 
poisonous. Some lead carbonate is also formed. Hard water 
containing calcium bicarbonate, has much less actiori on lead 
than soft water, and an adherent protective coaling is formed 

on the metal. • . r 1 

Lead salts of the colourless bivalent ion, Pb , are powerful 

cumulative poisons, /.«?., small quantities below the poisonous 
dose accumulate in the system, and ultimately induce chronic 
poisoning. A characteristic symptom of lead poisoning, to which 
painters, plumbers, and potters using lead glazes are subject, 
is a l)luc line on the edges of the gums. 

Lead monoxide, PbO. is formed as a yellow powder called 
vuusiiOt on healing lead in air. If fused, and powdered, the 
reddish-yellow crystalline form known as litharge is obtained. 
Litharge, obtained in the refining of silver, is largely used in 
making flint-glass, in glazing pottery, in preparing lead salts, 
and in making paints and varnishes. If litharge is boiled with 
water and olive oil, lead oleate, which is a sticky adhesive mass 
used in making lead plaster, is formed, and glycerin passes into 
solution. 

Ked lead, or minium, id- formed !)>’ roasting massicot in 
air, is a scarlet crystalline powder. It decomposes again at 
higher temperatures: 2Pb3O.,^0PbO -f Oj. Rtd lead is used 
in making flint glass. 

When healed witli concentrated sulphuric acid, red lead 
evolves oxygen : 

+ oH .SO, = qPbSO, + 6H2O + O,. 

When w-armed willi concentrated hydrochloric acid it evolves 
chlorine : ^ ^ ,pbCL + qH.O + C\^. 

When red lead is treated with concentrated nitric acid, it is 
decomposed into lead nitrate and lead dioxide (or lead peroxide) : 

Pb^O, + 4HNO3 = 2Pb(N03)2 + PbOj + 2H2O. 

On washing out the nitrate with water, the dark chocolate- 
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covering power. White lead is readily blackened by 
hydrogfn^n the atmosphere. It? -^ulteratton by the c^ 
bLium sulphate is detected by the insolubility of the w«er m 
dilute^itric acid. Veneitan white is a mixture of equal parts 
Vead and barium sulphate ; in Dutch whUe the pro- 

portions are one to three. 



Pig. 375. — Section of White Lead Stack. 


The old so-called Dutch process (described by Theophrastos, 
n 6’) produces a white lead of excellent quality, but is tediou^ 
Lead plates, rolls, or grids, are placed in earthenware pots, with 
vinctrar below. The pots are loosely closed and stacked m rows, 
covered with planks, interstratified with spent tan-bark, the 
decomposition of which keeps the pots warm and produces 
carbon dioxide. Basic lead acetate is probably first produced, 
and is then decomposed by the carbon dioxide, the acetic acid 

set free again entering into reaction. ^ . 

’’'Paints.— While lead is a pigment, used in the manufacture 01 
p.unt.s. I’ninls generally con.sist of (i) finely ground ptgment 
mixed with (2) a drying oil, chiefly linseed oil, which oxidises 
on expo.sure to air and becomes solid, together with (3) a thinner, 
such as turpentine, benzene, or petrol, and (4) z.drter (or stecatwe), 
•such as litharge, or manganese salts, to accelerate the oxidation 
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652 


EVERYDAY CHEMISTRY 


green (an arsenite and acetate of copper) ; Bruns- 
wick green (a mixture of Prussian blue and lead 
chromate) ; chromium sesquioxide (various varieties). 

Blue : Prussian blue ; ultramarine ; glass coloured with 
cobalt oxide {smalt). 

Brown : Vandyke broum (a carbonaceous pigment) ; burnt 
sienna (a calcined ochre). 

Black : lampblack and other varieties of amorphous carbon. 

In water colours the pigments are mixed with glycerin and 
gum {e.g.y gum arabic). 


♦Tin. Antimony. Bismuth. 


Tin. — The metal tin must have become known to the early 
Egyptians and Babylonians, since they used it to make the 
alloy bronze, but where they obtained it is still a mystery (p. i8). 

Tin occurs mainly as the dioxide. Sn02, tinstone^ or cassiteriie. 
This is roasted and reduced with carbon to form the metal. 
Metallic tin is a white crystalline metal which can be rolled into 
tinfoil. Tin {e.g.^ tinfoil) emits a'peculiar crackling sound when 
bent ; in this way it is easily distinguished from lead. At low 
temperatures the silver-white metal crumbles to a grey powder, 
which is an allotropic form (grey tin, p. 57). Tin does not 
tarnish in moist air and i'. therefore used to make tinplate, 
which i-. produced by dipping clean iron sheets into molten tin. 
If the iron becomes exposed, it rusts ver\’ rapidlv, since the tin 
and iron in presence of water form a voltaic cell, and the iron 
is the metal which d^s^olvei. Tin is also used in making 
bronze, solder (tin and lead), and pewter and Britannia metal 
(tin, copper, and antimon\). 

1 in form.s two M-ri<'S of compounds (</. copper): stannous 
{e.g., SnC'I.. SnO) .md srauaic SnVl,. ^nO^). Stannic 

chloride, Snt Ij, is a tun,;-!.: ]i c, 'd formetl bv the direct union of 
tin with chlorine. ,m 1 -s i,.-.;u-!ion is utilised in detinning 
tinpl.t'c scrap Uy in-. a... •, ip; dip.rine }.[as. The stannic 

< hlorale is ust-c! .is .1 cm ' : • . 

'bin dioxide viM-d ir, • r nrvis 
Antimony and bismuth. 

■ Sb.,S;^. Tin- un : d, 

■ T IS in it.-; cliemir d p- •• 
rydride, .'‘'bH.j) i.s rryst..!d; • . , 

1" 11.1.1.1 .IS a con.siitiu i;i v ; 

(70 le..d ; 20-2K cnfimonv ; •. -i 


-innic 

r'c in • weighting ’ silk (p. 501). 

•' ‘ ''l.i:<es. 

’ ‘- ’..v occurs as the sulphide, 
n-ntoH-Iy resembles phos- 
g.. '.n forming a gaseous 
' ‘HK . i.u - imIv j'owdered. It 
.1 .ni.'.'s, .sj, b as type metal 
:■ o.ni .md bnt.umia metal. The 
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alloys expand on solidification and give sharp castings. Tartar 
emetic, which is used in medicine and in dyeing, is an antimony 
potassium tartrate, in which the antimony is present as a 
radical SbO. Precipitated sulphide of antimony is red and 
is sometimes added to rubber. 

Bismuth is a cr\-stalline metal with a reddish tinge and a low 
melting point ( = 7>°). “ constituent of some fusible 

e s Wood’s metal, which melts at 60-5 and is used in olhres. 
warehouses, etc., in water sprinklers which operate automati- 
callv in case of fire by the fusing of a plug. The basic nitrate 
of bismuth (‘ bismuth subnitrate ) is used in medicine and as 

a cosmetic : it is a white powder. 


P.R.C* 
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CHAPTER XXXVH 


MANGANESE AND CHROMIUM 


Manganese. — The most important ore of manganese is the 
black dioxide, MnOj, known as pyrolusitc, referred to by Pliny as 
‘ magnes,’ but confused with an ore of iron, the magnetic oxide, 
Fe^O^. The name pyrolusite (Greek pyr, fire; luo, I dissolve) 
refers to the use of the mineral in decolorising glass (p. 5 q6). 

Metallic manganese is obtained bv reducing the oxfde witli 
carbon at a high temperature, or by aluminium in the thermit 
process. It is greyish-white, hard, and brittle, not oxidised in 
air when pure, and dissolves casilv in dilute acids, evolving 
hycirogi'n : , HjSOj = MnSO, + H,. 

Allovs ot iron and manganese, obtained in the blast furnace, 
ixx ft ferromanganese (70-80 per cent, of manganese and less than 
F)er cent. carbon, for open-hearth steel) and Spiegel {20-^2 per 
cent, ot manganese and more than o-j per cent, of carbon, for 
besseiner steeb ; manganese steel, which mav contain up to 
13 per l ent. t>i manganese, is very h.ird and tough. It is used 
for the j.iv.-N of rock-crushers, and for machinerv. Manganese 
bronze i> crjpjn-r alloyed with variable amounts of manganese 
an i zinc. of copper and zinc with small quantities of 

in.mgan.M- n-scnible German silver. Manganin is an alloy of 
S.t tu.,)j.per. i;, of manganese, an(r4 of ni'kel. It is 

US'- 1 fi.r i\-i>tance coils, .since its electr-rul resistaitcc is onlv 
sligditlv itiected by temperature. 

Ma:i?anose dioxide. MnO., is used as an oxidising a”cnt and 

mi.-ianchc cells (,;.?•.•). It evolves oxygen and forms mainganous 

sulpli.ite when lieated with concentrated sulphuric acid : 

2MnO..-H ’H.SO, -- :Mn.^r> ^ O,. ^ 2H.,0. 


I hc dioxide when strongly heau d alone evolves oxvgen and 
MVes a resiilue ot a red oxide. .Mn < ), : 


;,Mnn. Mn.u, -0... 

W iili concentrated hy.lmclil...;, „] ,, 


^ T 


A 
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On fusing manganese 

p:!"Lv"noT irformed, Whie^^ gives a green solution with 

al’"'" 'V‘“7Mn0,4 4K0H+0, = 2K,Mn0, + 2H,0. 

t,^:^:-«anese^d,ov,deare^med^ 

MnO. + 2rO..-2KMn(), + aK,C(), + MnfJ.- 

The pennanganate,ry,talli- un evaporation. It ts used as a 

disinfectant and oNidising a„ti ■ evolves oxvgcn and 

On hea.in«; nianganate and tnanganese 

Se-; ''“":;CMnO:. -<.^---^'■''»^^";.„e>oganateis 
.„!ut,on, cspccallv I--"'; “e'e ?s reduced to a 

a p. Avert ul ■;« ntolecules of permanganate, fnt 

r;^ma;u;’:hleoxy.nme.ufr.:^^ 

2 K.\lnO. + ,5H.,Sf)4->vr t . „ as tants, but thev 

havrr''SPlt:n t:"n ’in-^at^d n.anganese tlir-xule ,s 

aKMnOat k'.SU, ' : Nh'SO. r 5Fe..(SOd:, t 

Oxalic acitl is oxitlisetf to earhon dioxide : 

jKMuO, - 5< -’MnSO.t loCO, ! SH/^- 

Nitrites are oxidised to nUr.Ues : 

.km nO , ^ 5 1 1 N " - .M nSO , s 3l 1 .( ) + Id ' N < ' e 

jj;';;:: a".C ai'”r= xiso. ^ ms. . 
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EVERYDAY CHExMISTRY 


Chromium. — The commonest ore of chromium is chromite, 
or chrome-ironstone, FeCr^O^ or FeO . Cr203. This is very 
refractory and is made into chrome bricks used for furnace 
linings, or to separate the silica bricks outside from the magnesia 
bricks inside the basic hearth steel furnace {q.v?). Chromite 
is the source of chromium compounds. If reduced in the electric 
furnace, ferrochrome, iron with 60-70 per cent, of chromium, is 
formed, which is used in the manufacture of chrome steel. It is 
not attacked by acids. An alloy of chromium, nickel, and iron 
is used for making armour plates. Stainless steel is ordinary 
steel with 12-14 per cent, of chromium and up to 0*7 per cent, 
of nickel. Stellite (p. 566) contains chromium. 

When powdered chromite is heated to bright redness with 
sodium carbonate and a little lime in contact with air, sodium 
chromate. Na2Cr04, is produced : 

4FeCr204 + SNa.COg -- 70,. = 2Fe203 -f- 8Na2Cr04 + SCOg. 

Sodium chromate forms a yellow solution in water which, on 
treatment with sulphuric acid, deposits sodium sulphate and 
gives a red solution containing sodium dicliromato. This deposits 
in red deliquescent crystals, N'a2Cr20-,2H20, on evaporation : 

2Na2CrO., + H^SO, = + H.O. 

Potassium dichromate, KjCrgO,, crystallises better than the 
sodium .salt. Hy the action of concentrated sulphuric acid on 
solutions of sodium or potassium dichromates in the cold, red 
needle-.shaped ^ crystals of chromium trioxide, CrO., (commonlv 
called ‘ chromic acid ’), are olu.iinod. This is a very powerful 
o.xidi.'iing agent. On it decomposes, evolving oxygen 

ant] lea\ ii\g green insolu’)!;- chromium sesquioride : 

Potassium dicliromate wluui stronf'/x heated evolves oxygen, 
leaving j)otassium chromate and < hromium sesquioxide : 

41 ^ 2 ^ r207 = 4K2( r04 ^ 2( r.,Oy + 

I’ntasMi-in dn-lirninatc- evc'lves oxvgen and forms an olive- 
green ma-. containing chromic sulphate and potassium 
su!T)hate. ( heating with concentr.ited sulphuric acid: 

’ -8iUSO,--2K,S( 

( .hronmnn vdrs are u.-^ed in tanning leather, the green sesqui- 

lead 
paint) 


, • I , ■ , , • , •’-‘•‘“-.I. lilt gieen sesu 

i>e(l as a pigcn-m, and the bright vellow le 

IS u^ : : ,r pamtv .i.h.c alone or (for green pai: 
mi.\ed with Pruss..n blue. ^ ^ 
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Chromic acid arrd d.chromates arc used as oxidising agents : 
in acid solution a chromic salt is formed . 

2Cr03 + 3H2SO4 = Cr 2 (S 04)3 + 3H2O + 3O. 

Thus KjCr.O, liberates three atoms of available oxygen. 

2Cr03 + 3 SO, = Crj(S 04)3 

eCrO, + 3HaS + 3 H,SO,^Cu(SO^. + S + 6H O 
K^CrP, . 6FeSO. + 7H3SO3 = Cr^fSO^), + 3^|^S 

chromium plaimg) *^>1 24H0O, is isomorphous with 

common alum (p- —The earliest chemical operations 

’•‘The utilisation of metals. i nt ,vere 

knotvn to "Xc'lion of' n.etals, since the .-.jrlR r 

concerned with the 1,^ descrihed as one tmolting 

working of pottery eoukl ,,, Dv.ring the earliest 

important chentictl anti later by trott^ 

period copper was in'*'^ ’ ;,„.ral use as the c oininone-l 

The last-nametl metal eon im J- b ,„,„,nmng ol t he 

metal for matty cenlt.rtes ,,,1 iron were the onlt 

twentieth century cr.pper, bionr l.:xh-.bttioi. ol '.s.s.l 

^mon metals in da, y ttw.^^ 1'-;';^,,^. , jmer v.-ars 

aluminium was s tow ' ■ | , regarded as ran ta't 

many other '"‘'b' . 1” „ .,p,l ..lumiiimm and o 

that advance- m n.' - a ^ .a t^ 

now scared) t..m- n-f- u. 

the ‘rare’ mad 

litics. , .t ,’i, i.-f-i'- • • ' 

As compared wi-l- ^ \l- • i i 

4000 B.c. to abou' ^ , 

modern chemisu. uiiii.-.- ^ , 

sivc, and there u' -d 

bematmatned. I h; 

M ' I 


« < 


• 1 


be mamiaiiK.-.. • 

of high-speed tnot-. 


ot hign-spccM ^ ^ 

by the co-operaiion <d 
strong alloys. 


r,r,MaaM....n 

,, - mad.' 1 l.y 

.... . ;.r.- .v.Jly inil-rc-- 
, ,i,i -.r.'yi- ’ ^all O"' 
r.,na.u« 

\\ l,r. 11 made p*' 

pr, ojiif liun f'l' hgbt dll' 
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ORGANIC CHEMISTRY 


1. What is soap ? Can soap be prepared from kerosene oil ? 

Describe briefly the manufacture of soap. [Allahabad Inter.' 

2. What are kerosene oil, vaseline, and glycerin ? Write a short 

note on the kerosene oil industry. [Allahabad Inter.' 

3. What do you understand by comhuslion ? Ciivc examples. 

I)e<<i ribe experiments which show that the terms combustible substance 
and supporter of combustion are tuily relative. State the appro.\iiuato 
composition of gunpowder, and account lor the explosive nature of 
this substance. 'London Cien. School.] 

4. What are the principal elements which enter into the composition 

of organic bodies ? Describe how you would experimentally prove 
the presence of any three of these elements in a given organic body such 
as the white of egg, [Central Welsh Hoard, Elementary.! 

5. ( )f what elements is starch composed ? Explain how .starch may 

Ik* brought into solution in water. Name three common foodstutts 
wliich contain starch, and explain how vnu would show starch to be 
present m them. C entral Welsh Hoard. Elementary.] 

6. I rom what materials are camlles made r Describe as fully as 
possible the stages in the proces-. when a caiulle biirn-^. and illu.strate 
your .lU'Wer by reference to a di.iyr.im of the candle flame. 

.‘.hieen s I niv. Helfast Matric.] 

7. What forms of sugar occur in il.ulv life’ Ih.w is ylucose obtained 
O', ~t.irih ? In what ways d'>e.s ebc.nse liitlcr from cane sugar^ 

8. W hat is cellulose ? Wh.u co„unon m.dcri.ds consist mainly of 
How would you obtain .i sue juu-u ,,f pure cellulose from 








Mt important products .irc n... tr.un c.dliiloso ? Why is 
..rtificial silk " not a.it.ii .uc from the cliemical >j>mt 


a. 


10, I i. V. .i.< silk and wr. ' 
uKi\ ^ *tt Ml bo j>oparai 


• *1 


t. 


1 1 . . 
. 4 ' 




from Cotton and ftax ? 
■: • ' loft and wool ? 
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= s.'.ssr, 

T “pr r:.... — 

brought about by en^ymes . , - , 1 , \n^ 5 What 

■ r>‘'''From Lw Toul^yl^' obtt^n^^ ’ 

15. How is tartaric .Py Supposed to be clue > 

of the tartaric ac.ds and to what arc th y ,1^ ^ ^ ^ 

16. What arc the P “Jn„‘ candle or a parainn can.llc ? 

a candle in order to fin parposes is 

17. How is Klycerin made on the httKC scale . 

ulyccrin used ? • i rod tar’ How are 

^8. What valnable n^cd > 

they separated .and for w m pn common cxphisi'cs. 

19. Describe the compositii . ..... ,r,. used ? What n.itural 

20. What is a dye ? P‘“ syniPeiic iiialeri.ils ? 

dyes have larffely been replaced ^ .>m.^ 

, ''''d'nP\‘aOlvrc'h"onn., re. .p.m «b.upm«. 

dye. mordant, vat <l>e. . . .re tlu V obtained ? 

22. What arc essential oils . o . - ^ 

23. What IS rubber ? What treatment is . M 

onler to make it useful . ^ 

24. How is leather made Iron, skins ^ 

25. Classify ,'t detennnied ? 

the energy value o u .u.portancc m di.-t, 

26. What are vitamins . ' ^ „.,dy <lunn^ .In- 

27. Heseril>-: the 

digestion of W) stare h. ( ) - ..nm.r.xluce clise ise ? Upvs Cu ii 

28. In ^V'hat ^ '."'‘.d’.Th'e'body. 0>) i" Hie body ? " 

activity preven.etl ..nd an antiseptic ■> 

„.derence between a a ^ ^ 

29. What is formalin . 

'O ...fictured.mdto. Ml..itpmpos.r... o u -. d r 

30 Howisacetonem.il 1 1, ..s , m i' b< !'• a t- 

^ , , r f. nil l.n parvil and punln-1 n .... j, cf . I v. 1.* .; 

chloroiorrn iinucrj^ 
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EVERYDAY CHEMISTRY 


32. How is ethylene prepared ? What compounds does it form with 
(<i) bromine, ( 6 ) sulphuric acid, (c) hydriodic acid ? 

[Conjoint Medical Board.] 

33. Acetic acid and lactic acid on analysis give the same empirical 
formula. What is this formula ? Mention any other substances with 
the same empirical formula. Describe, in detail, one method of deter- 
mining the molecular weight of any of these compounds. 

[Conjoint Medical Board.] 

34. Describe the isolation of phenol from coal tar. What is the 
action of (n) bromine, {b) nitric acid, (c) caustic soda, upon phenol ? 

[Conjoint Medical Board.] 

35. What do you understand by the empirical formula of a com- 
pound ? Knowing the empirical formula of a non-volatile compound 
which is soluble without change in benzene, how would you determine 
the inrdecular formula of the compound ^ [Conjoint Medical Board.] 

36. Describe a method of obtaining an aqueous solution of acetalde- 
hyde. By what tests would you identify such a solution ? 

[Conjoint Medical Board.] 

37. A dibasic organic acid was found to contain 32-0 per cent, of 

carbon and 4-0 per cent, of Iiydrogen. Calculate the empirical formula 
of the acid The silver salt was found to contain 59-3 per cent, of silver 
Calculate the molecular weight of the acid and write down its structural 
formula. LConjoint Medical Board 

38. By what different agent.s can a fat be hydrolysed ? Write down 

the equation for the action ot sotlium hydroxide on a typical fat. From 
the products of this reaction describe how you would obtain a crystallised 
specimen of the fatty acid. [Conjoint Medical Board.] 


METALS 

1. Write a short essay on the uses of metals in daily life. 

2. What is meant by the following terms : ore. gangue. flotation 
roasting, flux, smelting, refining ? 

3. You are given three pieces of metal. One is covered with a 
green crust, one with a white crust, and one with a brown crust What 
metals ior alloys) would you e.xpcct these to be, and what further 
■hservations or tests could you apply to distinguish them ? 

4. Draw up a clas.sitication of the common metals based on their 
ti on water in different circumstances and compare the result with 

■ riodic classification. 



llltih. 

6 . 

\\ hat 


Draw up a table exhibiting the action of (a) air. {b) water (c) 
o.lphuric acid id) . mcontratvd hydrochloric acid, (c) dilute 
o-id, on the followinu .-tals; sodium, alminiuni. iron, tin, lead. 


^^h.^t metals are <. 1 :.- .. j,y 

pr. liucis are formed 


h.'t caustic potash solution ? 
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n Til ♦ Kv reference to t^vo chemical and to four physical 

“ir 5 

occurring sulphide and (6) a naturally occurring 

8. Explain with Ulustrations the chief characteristics by which 

metals may be distinguished from Camb. School Cert.] 

9. What £/if»jica/ convened into their 

three distinct methods by to copi>er. magnesium, 

sources. *■ , t^w '\rt‘ left cxp*)sed to 

11, What is observed ° considerable time: (a) sodium, 

the action of the ‘‘""'"’•’J' c, ,,, brieliy "liat tests you would earrj 

...e r^ac^ns^are -^-^---.c.cutaryl. 

12, Cive briedy .he ';;;ura!:;r ‘ ;x:«wr;r;h:: 

«trSt.on of t'ln.'eldonuum, and „„„rd. lU^her.l 

i< irni hrklW int'nli‘>N Ike 

13, DescriLH* ll.c nuniuhu inrc 

industries wlu-rc c..miiM.n s;dt form [My.s<.r.- l.ui lanti ,] 

of other itnport.mi oimpoun ,odmin luar.-Mde 

14 Describe s uif. f|„. ,,if>iK rtu-s ol this 

on't rl^mumrsud :e..h C-e ^ :, i 

substance, and 'V" . ' 

(c) zinc, (^f) fen-'^' v...munsofllH-foll<Av«t.K 

15. Starting .M 1..; - k , • Wh i 

iC prepared; (j s Hii-.n. .. _ ,.,r;p,. . (h-cx.-U Y'/ . , 

• fr/i ^ V'iu. , J^.naon -1 

acarbon.itc, , v.ji' *’ 

ction oi heat ti|» a ii f ' * .,k, n t ; ' 


be 

bicarbon 
action oi heat ti| 

16 . ity «b.a '-i-ih '■ 

Give exatnpl' -^’ ' ' ’ ' ' 

carbonates. «* • ^ 

sodium carbon.it'' . i - • • 
Calculate the p« i' ‘r’ 
(Na=23. <- «*• '' 

17 . SUrting from -‘rdn. ' 
prepare solid sp cnn..n.<Y;^ 


,. 'I. ' 

I 

1 .. >1 1 .' >'■ 
.'• 

ilri •'.I '* • 


f ‘'.-....III p*'!'’"' , 

.. .. k*-.t iip'-t (•' '* 

, , , -.1 .•nlivtli— > 

■ jS I’tii"! 'll h'.atn't.'. 

, ,, .O' ill i;-'- ir.iM'i'*'- 

1 '..n <- ' ‘ 

Wi jul'l 


:\) 


I • 


i \ ht ' ' ‘ 


' t . ' tliurn xulpl* ' ‘‘ 


. IKI c:Twf nil* • IP* * ,, M i> i WlUTN ''liK'-* • 
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EVERYDAY CHEMISTRY 


18. >!ake a list of sodium salts which evolve gas {a) with dilute sul- 

phuric acid, (6) with concentrated sulphuric acid. Write the formulae 
for the gases, and indicate briefly how you would test each with a view 
to ascertaining the nature of the original salt. [Madras Inter.] 

19. Describe how washing soda is obtained and how caustic soda is 

prepared from it. Explain clearly how the composition of caustic 
soda has been ascertained by the synthesis of the substance. State 
clearly the similarities and differences between caustic soda and washing 
soda. [Madras S.L.j 

20. What are the differences in properties between sodium carbonate 
and sodium bicarbonate ? How could you convert one into the other ? 
How would you prepare a specimen of sodium carbonate ? 

[Madras Inter.] 

21. How may sodium hydroxide be prepared ? How does this sub- 
stance react with (a) carbon dioxide, (6) ammonium chloride ? 

[Camb. Local Jun.l 

22. Describe, with experimental details, the processes you would 
use to demonstrate the truth of the following statements : 

(u) Lime contains oxygen ; 

(6) Carbon dioxide contains carbon ; 

(c) Nitric acid contains hydrogen ; 
fd) Caustic soda contains hydrogen. 

23. How is quicklime manufactured ? How would you obtain from 
it (u) slaked lime, (6) milk ol lime, (c) lime water ? State their uses. 

[Calcutta Inter.] 

24. What happens when (u) hydrogen is passed over heated iron 

oxide ; (/<) limestone is heated in an iron tube ; (r) carbon dioxide is 
passe<l over heated charcoal ; (d) steam is passed over heated iron ? 
Explain the chemical change;- fully. [Madras S.L.] 

25. De.scribe the changes observed and name the product or products 
formed when 


(fj) Concentrated sulj»huric acid is heated with charcoal. 

{b) Mercury is ground up with sulphur. 

(c) A concentrated dilution of caustic potash is saturated 

with chlorine gas. 

(d) Copper is treated vith dilute nitric acid. 


(e) Copper sulphate cr^’stals are placed in concentrated sul- 
phuric acid. [Travancore S.L.C..] 

26. Describe in detail, w’tli .a sketch of the apparatus used, a 

!.il'<.raror>- method for the preT'aratum of bleaching powder. What is 
I' s probable composition ? Hov, would vou prepare from this bleaching 
pou^kr (u) oxygen, {b) ch'orine r [London Matric.] 

27. (.i\e an account o" ti e occurrence of aluminium in Nature, and 
UK- uu-thod by which th : -tal is namufacturccl. Describe its chief 
phy-K.il .uul chemical prej . i.-s. What arc its useful alloy<^ ? 


[Punjab Univ.] 
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questions 


find 


'“S' rr. - s 

*:ssr?.z.rzz:i, ..^ 

to you, ]^:':‘.";uV"o7Thc m’IxtT.e and what vo,u.ue o, 
"rrh-’^^r^ouldt evo?v?d .n the process ot so.ut,ou^P_^^^^^ ^ 

^ mivtiire of calcium and magnesium carbonate^ 
30. You arc given a . u,,tn no further loss of weight 

i *84 gm. of the mixture are g What is the percentage 

takcs%lace. Tl,e re.s.due '-ugh^ coO ^O., measured at 

composition of the ’"‘'“‘'f; 1 ,he .guition > (Madras Inter ] 

30- C. and 75° „ould you proceed to 

. - .—i >„ , , , , 

illustrate your answer by J' - j zinc sulphate, magnesium sulphatt, 

“rt^i-: Mau., 

33. You are given a mixture 

how you would procee.!. „.ixture- ^ 

the percentage ol ^a. u eoi ■ pr,.p,ired (r<.m 

34. Describe as fully as possib.c L I 'niv. Ih Hast Maine 

the ore zinc sulpl'itle , I '.ra. ternlK ' of the m-iaN 

35. Enumerate I, pu p....- mod. raUv pure spe.mw.n 

Given metallic /iiu . ' . . ,,rb>'i'-iu- . mi iiiiiv 

of zinc sulphate, zme uxule. lu 1 ,Vt ,di ! • anl. I- le.m ntai > - 

36. Name two ivti -b , ; 

directly. Ex{>laiu l-.. 
each case it can I - 
place. 

37. State and * -a 

circumstances ; 

(rt) A piecx- of bnel'i ’ 

(6) The !i<iuid p> • • 

coM Witte r 

(c) The 'V'"!.;,- 

solution of hv.l.‘ . 

(d) Zinc is add' d t. ■« ' , 

(e) A piece o) * ... 

(/) Zinc is placed 


^ , * • • 1 1 . 

, • • 

• > < I ' 1 


« ,U« » ' . 

. .'I ‘‘'I' •*** * , 

V,...'..,.! 

; Ml M'i • 


A, 


. .1 in tlrv !' 


• in 


• , < 1 1 ^ ' 1 V I * ^ 

J . I . ' , * * I I* ' i 
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EVERYDAY CHEMISTRY 


38. Starting from metallic coppjer, how would you prepare a crystal- 
line specimen of copper sulphate ? Describe what you would observe 
on adding (a) iron, (b) sodium hydroxide, to an aqueous solution of 
copper sulphate. 

39. Describe in some detail two distinct methods by which metallic 

copper may be obtained from copper sulphate. Write down the 
formula for crystallised copper sulphate and describe the action of heat 
on this substance. [London Gen. School] 

40. Starting from pure copper, how would you prepare moderately 

pure specimens of (a) cupric sulphate, (b) cupric oxide, (c) cupric chloride. 
(d] cupric sulphide ? Describe carefully the appearance of each 
product. [London Matric.] 

41. If you were supplied with metallic copper, how would you prepare 

the following compounds : cupric sulphate, cupric chloride, cuprous 
oxide ? Describe the appearance of each of these substances and the 
effect, if any, of potassium hydroxide on each. [Madras Inter.] 

42. Compare the chief physical and chemical properties of sodium 

and copper. Briefly describe the preparation by the use of the electric 
current, (u) of sodium from caustic soda, (6) of copper from copper 
sulphate. [Joint Matric. Board.] 

43. How would you prepare specimens of each of the following 
substances ; («) copjKT carbonate, given copper sulphate. (6) nitric 
acid, given zinc nitrate, (r) ammonia gas. given ammonium chloride ? 

[joint Matric.] 

44. hat happens when air is allowed to have free access to each of 
the following substances : (a) sodium. (6) calcium chloride, (r) nitric 
oxide, (i/) quicklime, (t) sodium carbonate decahvdrate f 


[Camb. School Cert.] 

45. l‘..\p]ain the chemistry of the extraction of copper from its 
sulphide. Describe and explain the preparation of the following com- 
pounds of copper : (it) cupn<- . ;i:..ri<ie, [h] cuprous oxide, (c) cuprous 
chh.Tide. How does (6) react with tlie ililuio mineral acids } 


.( entral Welsh Board. Higher.] 

46. \\ liat is the effect of sirotigly healing : 

luthi'f (a) (ii ammonium .alum iiii silver nitrate ; (iii) ammonium 

plmspliat'' ; 


^ r 


(b) m ferrou.s . ;>haie ; (u: lead nitrate; 
hydrogen plic spl-.ao r 


(iii) discKlium 
[Madras S.L.] 


47. X.itne .in ore of iron eivc 
J>rrp,',i.ition of green \itriol f: >. ■: 

".vlt pii p.ired . 


its composition. Describe the 
How is iron obtained from the 

[.Madras S.L.] 


4S. Drscribt: in detail ho^^ 
ci y-a.iiii'e ; fe.'Tous sulphate ii 

iTvin nails. 


■ ui w.iulij obt.lin .a specimen of pure 
‘ v-er*- given some sulphuric acid and 

[t'amb. Local Jun.j 
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49 . Iron is said to form p^^pare from metallic 

by this statement. Describe h y fCamb. Local Sen.] 

iron one member of each of these series. L 

fnr the wide distribution 01 iron in 

50 . What evident can iron ores. What do you 

Nature ? Name and give the ® series of compounds 

understand by the smelting of iron the chlorides, sulphates 

does iron form ? Write . [Queen's Univ. Belfast, Matric.j 

51 . W'ritc a short account of when iron filings are dis- 

of iron. Explain the methods for converting a ferrous 

solved in hydrochloric acid. ^ [Central W'elsh Board, Elementary.] 
salt into a ferric salt. l . 


52 
salts 
respond 


? Why do not potas.-,iiini ferr >■ Welsh Board, Higher,] 

and to these tests ? „^,x„riinonts would 


;rov,aec, iron 

4 na\o“.;o"\Lt .ron fornr. <"o seno, o, Jr ^ , 

salts ? rhanccs if anv. whioli may 

54 . Expiam .1,0 c-mi-l u,e .ollow.ng 

be observe.! wl.en ''' 1 “^' .'i;-;,", V ..ven : 

^^;^>;;>;-;:rl:;:,:„v.,roc,.,or,c aci., an.! s.Ker „,.ra,o. 

Sorliunr carbona.e, 

(2) Fcrr.c '’'’'J I,,., an.l sulpln.nc a.nl. 

(3) Copper sulpl.aU.arn' 

Copper sulpli .^e, ammonia am! . un.tic |,,.traiueO 

^ / i 1 f»«rrc >u 


K I'l • 

K ■ ' ' ■ 






> . 1 


55 . SUirting '''tU 

sulphate crystal- i 
action of heat on 

56 . Canyoupir.'' 
oxygen ; (ud fcri'-'' 

57 . What i.s ih' “ 
marble ami chalk. < P 

58. W'hat are Hv P''-;’' 

nature of the priruipM < *• 
zones of the bla-t fonM.- 

59 . What happ< t's 

tube; ( 6 ) burning - _ _ 

(c) iron filings .ire hu ^ ^ ,j..- 

vitriol is graduall> a. 


i, .1 1*' L!u«>n<l< 

: I ,niul<in .M • ti ' 




I - • 


.u 


t 1 


; •« 


.p r 


I 1 ' 


\ : 
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( *j JU' ^ HI 

I ti ha ^ 1* 
j tii.m ' m' ^ 

ht i r 


I i '' 


•f 11* H 
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til* 
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hill J 
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EVERYDAY CHEMISTRY 


60. How may the following elements be obtained from their oxides : 

carbon, lead, hydrogen, phosphorus ? [London Matric.] 

61. Mention two compounds which occur in Nature of one of the 

following metals : (i) zinc ; (it) tin. Describe how the metal can be 
obtained from cither compound. Mention the uses of the metal in 
everyday life. Mention two compounds of the metal and describe how 
they are prepared from it. [Madras S.L.} 

62. \\ rite an account of the oxides of lead. How does hydrochloric 
acid react with («) red lead. (6) lead monoxide ? [Camb. Local Jun.] 

63. Describe, giving full experimental details, how you would prepare 

(u) potassium from potassium hydroxide. (6) lead 'from litharge, (c) 
copper from copper sulphate cr>'stals. [Joint Matric.] 

64. rite an historical account, extending to not more than a page 
and a half, o^ either of the following : 

The chemistn,’ of the air. 

The classification of the elements. 

[School Leaving Certificate (Higher). Scotland.] 

65. Represent by equations the undernoted reactions, heat being 
applied where necessary. 


(a) .\ction of nitric acid on copper, and sulphurous acid. 

(0) .Action of concentrated sulphuric acid on copper, sodium nitrate, 
calcium chloride, amt oxalic acid. 

(c) .Action of dilute sulphuric acid on zinc and ferrous sulphide. 

(dj .Action of heat on lead nitrate and calcium carbonate. 

\N rite the chemical formulae for sodium carbonate, sodium bicat- 
bonau*. calcium bic.-irbonate. ferrous sulphate, ferric sulphate, aluminium 

[Educ. Institute of Scotland, Preliminarj'.] 

66. Write a short account of two of the following : 

(<7) Methods of drying gases ; 

(6) Metho<ls of collecting gases ; 

(c) Methods of separating gases. [London Matric.] 

67. Write an essay on one of the following subjects : 

(ii) The uses of electricity to the chemi.st. 

(fd Exjdo.>iions. 

(c) The influence of light on chemical reactions. 


fentral Welsh Board, Higher.] . 

68. Write a short essay on «hat you consider are the principal aims 
'I the science of chemistry an.l how ilu*sc aims are efiected. ^ 


lOuecn s I niv. Belfast. Matric.] 

69 Write a .short account of the manufacture of une of the following • 
;.I Tunc .icul. washing sod., bleachint; powder. lowoNMng . 

...I Leaving Cert, i.eate (Higher). Scotland.] 
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how any two of the constUuent o.emon^-ou.d be ob.^ned^in^a^eas-- 
able state of purity from a piece of • following ; (u) the 

71. Write a or^afeium carbide in cycle lamps ; 

use of helium m airships ( 6 ) the ^ ^ lemonade 1 . 

(c) the eflerN'cscence that take^ hread-making ' {e) the ingredients of 

o^ned ; (./) the ij^ of poons^ (g) the fact that 

gunpowder ; (/) the tarnishing of ^ Uer egg f 

safety matches strike on^.hc^^jox g 

72. State btiefty^ one method ""o^ium^' chloride ; sulphur 

subsiances: maRnesium oN.de : md.nc , 

trioxidc ; so<lium hydroxide. substances ? Oixc 

in what class Certifi^ 

Explain shortly the chemical reactions invoked m ;m 

“r)\heb.ueflameatt.wtopofa^^^^ 

bra s^bd.on of feme Cdot.de. 

(1) The formation ot stahutiUs. 

U) The hardening olmorta,^^^ c<.lour when chlorine water is 

( 5 ) The disiippearaiue 01 

exposed to ^vhen coal gas is , 

(6) The disappearaiue ^ .-riMuate (Higher), bctlamh 

( -chool aay. ^ ^ ,„,|.,„,ng wastt - 

74, What do you knovx abo 

products : . c.il-lar of ‘he pavwoiks : 



(f) Calcium snlp'u.U oi i 

' „4 iJ rfU til*- )oll<AMn^, . 

75 . write a short 

(I) Manufactnn “V'.‘ I . , . ,f .. t-m.oioa. 

K! 

76. Shew how any M. 

mentof the Science f.lth- - ■ ' 

Boyle; UaxansKT ^ -i- '‘I-, 

Curie. _ ^ j., . , 1 • 

77 . Write .a short <•• .tx. ' 

half,ontheimportancc.-i^. _ , ^ .m- • 

^ ' 




..•tl 

lU 

1 • 

ihI 

tilt 

iiii' 

oil 

,Ov 



ANSWERS TO QUESTIONS 

Organic Chemistry. 

CH(OH)COOH 
37 . CjHjO,. 150. I 

CH(OH)COOH. 

Metals. 

16 . 68-567 % NAjCOj. 

29 . 36-6 c.c. N HCI ; 41014 c.c. gas at N.T.P. 

30 . 45-652% MgCOj : 54 348% CaCOa. 

150 04 c.c. CO, at 30" and 750 mm. 
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Accumulator, 218. 

\cctaldfhydc. 40^. 440- 

Acetic anhydride. 5 13- 
Acetone. 40*. 510. 

Acetylene, 4<52. 43®* 

Acetylene bl;’-ck. 410- 
Acheson process. 40t>* 

Acid, acetic ' ascor- 

otne. M4: 

iormic. 511 ^ . ^''hydi-obromic, 
craplntic. 4®”* . hv* 

, , , • hydrochloric. 3>9 . “> 

33-^ • ,18 • hydrotluosih- 

drolluoric. 33f hv- 
hvdnodic, 33^ « '*> 

cic, 33® ' ^ , 4 • hvpophos* 

pochlorous, 3M . - . 

phorus, 4^. ?^^,csotar- 

,^6 murWk, 309, 3^0 ■; 

tanc* 5 ' - CO - nitric » 3^^ • 

nicotinic. 35 * nitrous. 

nitroso-sulphuric. 35^ 

5 ‘-f’ Til i>cctic. 4y«-: 

, 20 -^ phosphoric. 407. 
chloric. 3^9 . 1 . ‘ ,,-ric. 5-^7 i 

phosl>ho^ou^. 4 3- \ 

PVro'.Kne°“^ ■'. ;..cc.mu-, 5- 5 : 

sulphuric. 3j>5 ■ 47-« ^ 

ricinolcic. 5 ' j j.^ric. 3.V>. 

stearic, 51®- • ‘ tar- 

358 ; sulphurou:?, 353 - 

taric, 5M- . .. formation 

o., M3; 

strent^ths oh 2 o 8- 
Aconitine. 53®* 

Actinium, 254* 

Actinon. 254* 


Adrenalin. 9- 55 *• 

Adsorption. 409. 5*1 »* 

Aerated waters, 4*®* 

Affinity. 231. 

After-damp. 

Agar. 49fi-. 

Agglutination. 55t>* 

^rcon^^^^^oi^'of. 37^. 376; 

■ liquid. 27<>i 
Air-pump. Si- 
Airship. n- 
.Mabaster. 590* 

Albertus Magnus, 74- 
Albumin. 544- 

Alchcmy. (>5. 74- . . 

Alcf » ■ tf : ''ainvl 503 : 
iuty^ sio ; 5--. 5°- 

Aldehydes. 44*^- 3»o- 
Alcmbic, oO. 

Alexandria, 03* 

Alexin. 55^- 

,|/i*s<r. 07 . 

Alizarin. 533* . .343- 

Alkali metals. 5/‘ • 

574* ,/ Q . jil.iek''' rc- 

Alkaliex 1-1*' i.rojK-rlKS ol. 

searches on. :><>•) . 1 ' i 

I4«- ,.K 

Alkaline air. ,3.o- 

\lkaloi<l>. «>, 537* 

Alkathene, 5.3^* 

AUotrupy 

•’‘""a n 'rum;' V m 5 : ‘ 

(>4^. 

a-i.article. ' N- -‘ji- 
3 15- 

Alum, t-O/' ’•'I"' 
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EVERYDAY CHEMISTRY 


Alumina, 604, 606. 

Aluminates, 006. 

Aluminium, 604 ; bronzes. 605 ; 
carbide. 435 ; hydroxide, 606 ; 
oxide, 604 : powder. 605 ; sul- 
phate. Ooo. 

Amalgams. 564. 

Amboceptor, 556. 

Amethyst, 470. 

Amino-acids, 543- 
Ammonia, 378 ; oxidation of, 381, 
380 ; composition of. 382 ; 

synthetic, 378. 

.•\mmonia-soda process, 574. 
Ammonium, 581 ; amalgam, 581 ; 
carbamate. 582 ; carbonate, 
582 ; chloride, 581 ; com- 

pounds. 581-2; nitrate. 582; 
sulphate, 380, 582. 

.\morphous substances. 28. 
Ampere. 203. 

.\mylase, 503, 542. 552. 

.\myloid. 40't. 

Amylopsin, 542. 

.•\nalysis, 4, 3f. 

Anaphvdaxis. 537. 

Anaximenes, 50. 

Anhydride, 145. 

Anhydrite, 380. 

Anhydrous substances, 39. 

Aniline. 522. 530 ; dyes, 530. 
.•\nion, 201. 

Annealing, 103, 565, 033. 

Anode. 201. 

.\nthracene. 522. 533. 

Anthracite, 410. 

Antibacterial drugs, 560. 
.■\ntil)iotics. 500. 

,\ntibodie3, 558. 

.\nti»-hlnr, 304. 326. 

Antifriction nn.-tals, 505. 

Antigens, 33S. 

,\ntimt'u\-, *)S2. 

Antiplilogistic theory*, too. 
Antiseptics, 558. 

Antitoxins, ss'*. 

Apatite, 433. 

•I j-.'.a 'iH'if. ^Sd. 

. I'/.’/a '*24. 

Arabic «hiMnislry. 07. 

Araeonite. 383. 

Aiii'd, 314. 


Argon. 12. 376. 398. 

Aristotle, 60/ 

Armour plate, 636. 

.Aromatic compounds. 440, 522. 
Arrhenius, 206. 

Arrowroot. 497. 

Arsenic, 474. 

Arsine. 474. 

Artificial gems. 596 ; radioactiv- 
ity. 255 ; silk. 500. 

Asbestos. 5d8. 

Asent. 63, 623. 

Asklepiades of Frusa, 135. 

Asphalt, 435. 

Aston, 240. 

Asymmetric carbon atom, 516. 
.Atmolysis. 376. 

Atmosphere. 372. 425, 428. 

Atom. 71, 135; structure of, 245. 
Atomic disintegration, 254 ; heal, 
181 ; nucleus, 246; number, 
233- 236, 239, 244; theory. 71. 
135: volume, 237. 239; weight. 
157. >7** >9b. 234. 

.Atropine, 338. 

Autoxidation, 279. 

Avicenna, txi. 74. 

Avogadro’s constant. 171 ; hypo- 
thesis, 154. 

.Azote, 102. 372. 

Azurite, 61 1, 019. 

B 

IBabylonia. 14. 

Bacon, Roger. 70. 74. 524. 

Bacteria. 9. 533 ; denitrifying, 371 ; 

nitrifying, 370 ; nitrosifying, 370, 
Barteroids, 369. 

Batiische process, 356. 

Bakeiite, 12. 310. 

Baking powilL-r, 415. 

Bal.tta, 339. 

Barilla. 508. 

I^ariuin, 3<i»). 

Bariev sugar. 403. 

Itase. 1 43. (x'3. 

Basic slag. 501. 632. 

Bauxite, txJ4. 

Bell metal, 013. 

Benzene, 434. 440. 522. 

Benzol {see benzene). 

Bergius process, 411. 
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Berthelot, - 530 - 

Bcrthollet, i^O. 223 . 

Beryllium, u. 599* 

Berzelius. 14 -' “75- 
Bessemer process. 031 . 

^-ravs, 2.53- , 

Bicarbonate. 410 . 57^^* 

Bismuth. 033 . 

Bittern. 33° 

Bitumen. 435- 
Black ash. 374- . 

Blackband ironstone, 0 - 5 . 

Black, J., 

Black lea<l. 4°^- 
Blagden’s law. » 75- 
Blast furnace, O 26 . 

Blastinji gelatine, b-i- 

Blau gas, 440 . 

Blenching. 3«-4- 3i9. 

Bleaching j>owcltr, 3-4- - 

i'SfSEr “SS.*: 

2»3- 

Bluestone, Oio. 
lioarl. 4^5- 
Boerhaave, 04 

Jiomb calorimeter, 4 ‘- 

40 .,. -.55. 

}3ones. 435' 

I3ora\. 473- , , ,« 

Bordeaux mixture. 

Boron, »73 . . 

Bower manuscript. , 

Boyle. S'). 7«' 

Boylc'3 law, * * ■ 

J3randv. b^7 

W, <«o, on,i..5- 

Brea<l, 

Bricks. 47-- 

Prin process. 2-3- 

Britannia unit. 28 

British gum, 490 , 

Bromates, .33.3- 
Broini'k-s, 333- 
HroM.m- _33n- 

. 78 . 

Brncim , 53®- 


4 


Brunswick green, O82. 

Buddhism. 7 t - . , 

Building materials, 5 ®®- 

Bunsen burner. 439 . 451. flame. 450 . 

Burette, 13 * • 

Burnt sienna. O52. 

Butter. 5 ‘®- 
Butyl alcohol. 510. 


<>oo. 

Cadmium. 001. 

Caffeine. 537 - 
Calannne. 000. 

Calciferol, 53*- 
Calcmation, 80 . 

s88 ; hicarlKjnale. 

t .ilciuin. 3®3. 5 ' cfjo ' 

,.,S sK 4 ; carbide, 4 39 . 39 C' . 

carlwiuite, 38.3 ; 

I uoride. 338. . nitrate 

=<x>- hvilroxide, 38 .-> • uiiray. 

iHs ' Vd' oxalate. 5‘3 : 

384V^*»'<>H»*'‘*^^■■ '^-i- 59' ; 
phate. 589 - 

t alcnlatmns.lhemical. 149 . 

CtiUch,'. 334- 3®o. 

C’alotticl. (K>J. 

C'alorii . 

cilonlic''^;'''”^ oi fuels. 284. 4 *-- 

t alx. 80. 

Camphor. 3 VJ 
Canal ravs. 24 i. 

Caiidli s. 32 I 
Caimel to-d. 4 * 9 . 

Cannizzaro, i37- 
Car.itnel, 403 . 

C.irat , oj 3- , t toi *, i ' • 

O.'" V 4"<- ■‘"“'I''"": 

,07 ; f'-f ■ 

,j<j3 ; iii'.noM-le. 4 -'' 

i<l.- tt*' f33' 

('tjih.oiivt-. r‘ . , 

CarlKUivl 4 ldond. . 

I-;,rh.>sv-h.e-moelobin. -I-®- 

Carl.o't'f g'unp. 5 ' ' 


,li-,nlp!"d<- 

1 . tr.e l)'"> 


318. 4-9 
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Carboxylase, 509. 

Carboy, 366. 

Camailite, 579, 598. 

Carnelian, 471. 

Carotene. 549. 

Case hardening, 636, 

Casein, 544 ; plastics, 545. 
Cassiterides, 18. 

Cassiterite, 65’. 

Casting metals, 12. 

Cast iron, 629. 

Castner-Kellner cell, 315, 605. 
Castor oil, 518. 

Catalase, 509. 

Catalysis, 230, 273, 294. 3*2. 325. 

332. 336. 343. 355. 357. 359. 

379, 381. 388. 428. 429, 404. 

503. 509. 5*8. 524. 532. 551. 

024. 650. 

Cathode. 201 ; -rays, 240. 

Cation, 201. 

Caustic potash, 580 ; soda. 575 ; 

lunar-, 621. 

Caustification, 570. 

Cavendish, 85. 105, 386. 

Cellon, 500. 

Celluloid. 500. 

Cellulose, 497. 542 ; acetate, 500 : 
cupramnioniurn-. 500 ; hydrate. 
499. 500; lacijuer, 511 ; tutro-, 
499. 5^0. 527. 

Cement, 587 ; aluminous. 388 ; 
bauxite, 588 ; Portland. 387 ; 
Homan. 3S7 ; SorePs, 599. 
Cementation. 03 1. 

Ceinentite, 033. 

Ceresin. 4^3. 

Cerium, (>^7. 

Chalcedonw 471. 

Chalk. ; i>lackbc>ard, 51)0. 

Chamber cr\-.stais. 33., ; process. 

Chance-Claus 3(3. 

( luingcs, I'lieinii al. .}*, 30; phy- 
sical, 

lianoal. j"-- '.''013'tinn of gas 

hv, .,0 , ; animal, 

t'>'' : Ml, . ; , .i:!4. 

"harlps’s law, i i 

( • r . 05. 


Chemical combination, law's of, 
125. 

Chemistr>'. Arabic, 69 ; Chinese, 
74 ; early history of, 59. 65, 81 ; 
Egyptian. 63 ; Hindu, 71. 
Chessylite. 6ti, 619. 

Chile saltpetre, 386. 

China clay, 604. 

Chinese white. 001, 651. 

Chitin, 502. 

Chloramine. 560. 

Chlorates. 326. 

Chloride of lime. 59O. 

Chlorine, 308-19; dioxide, 328; 

monoxide. 323 : -water, 318. 
Chloroform. 430. 

Chlorophyll, 420, 598. 

Cholesterol. 550. 

Chrome alum. 657. 
Chrome-ironstone, 656. 

Chromite, 656. 

Chromium, 656. 

Chromophore, 533. 

Chrysoprase, 471. 

Ctmeni foiuin. 388. 

Cinchonine, 538. 

Cineol, 534. 

Cinnabar, 73, 602, 651. 
Cis-trans-isomerism, 517. 

; Citrate of magnesia. 514. 

Clark’s process. 299. 

Claude process. 379. 

Clausius, 20(j. 

Clay, 004 . ironstone. 026. 

Coal, 410. 

Coal gas. .^42 : tar, 523. 

Cobalt, 044. 

Cocaine, 9, 337. 

Co-en7ynie, 303. 509. 

Coffey still. 303. 

Cohesion. 103, 102. 

; Coke, 4}'*. 

('olcoihar. 

Colkirgol I 79. 
t olloiliun, 3<K). 

Colloids. 170. 473, 520; pro- 

t'-'itet!. t-<) 

( Minbniation. 30. 

< oifbining voliimos. law of, 153 ; 

v.i ights, law of. 128. 

( nil u^lion, 89, 270. 412. 446. 

. '-'■.MKj'li.nieUt. 350. 
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Composition. 3. 

Compounds, 52. 

Concentration, 36. 223. 

Concrete, 588. 

Condenser. Liebig’s. 33. 

Constant proportions. Jaw ol. 125. 

Conservation of mass, law of. 52. 
Contact action. 275 ; process, 35b. 
Converter. 613. 631. 

Co-ordinate link, 251. 

Co-ordination coini>ounds. 253- 
Copper. 14. 611 (see ’cupric and 
■cuprous’): pyrites. Oil. 
Copperas, 640. 

Cordite. 528. 

Corn syrup, 495- 
Cornflour, 495; 

Corrosiv’c sublimate, 002. 
Corundum. O04. 

Cotton. 497- 
Coulomb, 203. 

Coulometer. 1 1 1 - 
Covalency. 251 
Cowper sto\’e. 027. 

Cracking of oils, 434- 
Crcam of tartar. 5M- 
Creatine. 554- 
Creosote. 523. 

Cresols. 523. 

Crete. 17. 

Cristobalitc. 470- 
Crocus. O43. 

Cryohydne temperature, -jt- 
Cryolite, <x)4. 

Crystallisation, fraction. »l. ,i- 
Crv’stalloids, 170. ^ r- t-r- 

CrystaLs. 183: lav.r, 

growth. 189: stru.i-ir- 
Cupric compounds. Oi'- ‘ - 
Cuprous comixninds. oi-*--'-- 
Curie, Madame, 23-^ 

Cutting of iron and steel. . 
Cyanamicle. 5‘»o- 
Cyanides, 377- 
Cyclohcxanc, 434- 
Cyclopentane, 4 34- 

]) 

Dakin's solution, 323. 

Dalton, 126. 130. 

Daniell cell, 210. 


Davy, 31 1. 449. 450* 57 t- 
Deacon's process. 312. 
Decomposition. 56. 

Decrepitation, 274. 

Deliquescence. 44. 

Demokritos, 66 . 135- 
Density. 121. 

Dephlogisticated air, 98- . 
Dephlogisticated nitrous air, 393 ' 
Desiccator. 45- 
Detinning. 652. 

Deuterium. 243. 

Deville, 227. 

Dewar vessel. 276. 

Dextrin, 4 ‘) 9 - 
Diamond, 57 - 404- 
Dialyser, 176, 473 - 
Diastase. 503, 50 »- 
Dichromate cell. 217. 

Diet. 540- . ,,, , . 

Diflusion. lOi. 108, i/-. 170 
Digestion. 55 *- 
Diocletianus. <>5. 

Dioskurides, oj. 

Dippel’s oil. 4 «'> 

Disinfectants, 9. 

DisixTsetl systems, 17 / - 
ltopla«.nu-nt, /.)o. .(ip 

273 : lamp. 

Doberemcr, i'>«. > 33 - 

Dolomite, .sSt. 5 “^-, 

Double decom{H>-''tion. 5O. 

Drn-rs, S18. 

1 ): ' ' 5 

] >r'. rkauniJ. \i • 

t>, ' >• 

, . >• _ j- 

Dui- ' '■ 

{ , .iiiil-’ •’ 

I 
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Electrodes, 201. 

Electric furnace, 405, 406. 456, 
O33 : lamp, 12, 398. 

Electrolysis, no, 200, 278, 291, 
315, 321. 329, 5(y2. 571, 576. 389. 
O04, 614 ; theory of. 204. 
Electrolytes, 201. 

Electrolytic dissociation, 205. 
Electrons. 170, 203, 240, 247, 235, 

563- 

Electron-sharing, 251. 
Electroplating, 200, 614, 621. 623, 
O44. 

Electrostatic precipitation. 36 
Electrotyping. O14. 

Electruin, 63, O23. 

Elements, 52, 78 ; transmutation 
of. Oo. 255. 623 : chemical. 79 : 
distribution of, 81 . 

Emanations, 254. 

Ivinery, <>04. 

Empedokles, 59. 
limulsin, 508. 

Emulsion. 179. 
luiantiomorphs, 315. 
iCndothcrmic reactions, 284. 
Endotoxins, *530. 

linerg^’, electrical, 214 ; free. 232 ; 
of fcxjds, 345 : of gas molecules, 
1O7. 

i-.nerg>' values of foods, 545. 
Enlerokinasc. 533. 

Enzymes, 303, 309. 

Epsom salt. 31)8. 

Equations, cliemical, 144. 212. 
Ei|uiiibiium, 30 ; chemical, 1O4, 
221. 227, 221). 

Equivalent projwrtions, law of. 

127, 128, 138. 

Ei|ui\alents, 128, 204. 

Ercpsin. 533. 

Ergnstcrol, 350. 

I'ssentiai oils, 533. 

ICsters, 318. 

^■strich gips, 3‘»o. 

I'JliiT, 01 , 308. 

1 Jlnlene, 437 ; dibromidc. 332. 

•H ) : dichioride. 438. 

I !li\ l sulphuric acitl, 43-. 438. 
i.rhv! alcohol. 302; p troi, 434; 

ladical. 302. 

I V. .i.\-ptU'', 33 |, 


Euchlorine, 328. 

Eudiometer, 106, iii, 440. 
Eutectic. 41. 

Exothermic compounds, 229 ; re- 
actions, 2S4. 

Explosion. 452. 

Explosives. 524. 

Extraction. 34. 

• 

F 

Faraday’s laws of electrolysis, 203. 
Fats. 292, 51S. 542. 

Fehling’s solution, 619. 

Felspar, 29. 57d. 

Fermentation, 414, 508. 

Ferric compounds, 641-43. 
Eerrochrome. 056. 

Eerromahgancse, O54. 
Eerroso-ferric oxide, C43. 

Ferrous comjxiimds, 639-41. 
I'ertilisers, 23. 422 
Festcl metal, 644. 

Filtration, 30. 

Eire air, 97, 372. 

E'lreclay, 608. 

Fire-damp, 433. 

Eire extinguishers, 416. 

I'lamc, 446 ; Bunsen. 450. 

Flax, 497. 

Flint, 471. 

i Flintshire furnace, 647. 

I'lotation, 561, 612. 

: Flour, 496. 
i Muorine. 337. 

Fluorspar, 338. 

Flux. 361. 382, 

Foods. 339. 347, 

Fonnaldehydc (formalin). 510. 
Formulae, 139; electronic, 251; 
structural. ic)6. 

Fountain experiment. 321, 380. 
Foul air, 97, 372. 

I'our elements, 30. 61 ; humours. 
S35- 

■ Iracture. crystalline and con- 
t choidal, 28. 

■ Frankland, 193. 

Frasch proce.ss. ^4 p 

j i reezing points, depression of, 

! 174- -08. 

I'ructose. 404. 

I’uiler's earth, 604. 
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Funnel, separating. 34. 
Furnaces, 89. .573. 
Fusel oil, 503. 

Fusible alloys, 653 ' 
Fusion mixture. 580. 


Gaillard tower. 363* 

Galalith. 545- 
Oalen, 62. 

Galena, C47. 

Galvanising, Ooo. 

7-rays. 253 - 
Gangue. 561. 

Ganister. 472. *„ ..f 121- 

GaV'^black. 4 * 0 : 

mantle, 43 : iria^Us. 429- 
Gaseous volumes law of, *>, ‘^-very 
Gases, diffusion of. i 9 i . of 

of. 83 ; drying. 45 * 

Gay^-Lussac. 152; tow.-'-, 301- 
Geber (see Jabir). 

Gelatin. 455 . 544 - 
Gelignite. 527. 

Gels, 179- , 

Gems, artificial. 59b. 

German silver. O15. 

Gibbs cell. 3 *b. ; 

Glass, 20.59*; Crookes s 4 >.5 I 
silica, 22. 47 * nnilkabk. - 
Glauber, 308 ; salt. 570 - 
Glazes. 20. 6 og. 

Glover tower, 3 *> * • 

Glucinum (sec Berylliuiu). 

Glucose, 494 - 4 'W- 
Glue. 455 - 

Gluten. 495 - • , .o . «:i9. 

Glycerol (glyccniO. 50- •' ^ 

Glycerophosphates, -i.z-P 

Glycogen, 497 * 553 - 
Gold. 623. 

Goulard’s extract, 04 ). 

Graham, 161, 108. i 7 '>- 

Cram-molecule. 139 - 

Grape sugar, 494- 

Graphite. 57. 40^ 4 ' • . t,C- 

Grcik chemical apharalu... 

philosophy. 59 . *^ 7 . * 3 -*- 


Guldberg and Waage's law of 
mass action. 223. 

Gums. 49O. 

Cum resins. 530- 
Guncotton. 499 . 527 - 
Gun-meUl. 566. 

Gunpowder. SM- 
Gutta-percha, 539 - 
Gypsum. 5 ^- 

H 

Haber process. 378. 

Haematite. 625. 

Haemocyanin, 611. 

Haemoglobin, 425 - 
Haemolysis. 557 - 
Hafnium. 238. 

Hales. 83. 

Halite. 305- ^ 

Halogens, 330. 33 ®- 
Halowax oil. 434 - 

Haptophore combiis- 

ih'ai atonti^-. loi p tsit » 

iicai. a niolccular. . 

lion. 2^4* M!) • 
specific. t 6 H. loi. 

Health salt, 4 > 5 - 
Hcavy spar. 597^ 

lU-lium. 247. 2 a 3 . 39 J- 

Hclmholtz. -05- 
Herakleitos, 5 ‘»- . 

Hermes Trismegistos. 05 _ 

Heterogeneous »x>d.e^. 28. 

Hoai-nan-tsze, 73- 

f h ‘mo^. ncoui UKhes, 28. 

llonev, 4 ** 4 - 
Hooke, 00. 
llo|x;aht'-. 
il(.rni<»ues. 5 , 5 ' 

Uun-.or.il i>..lholeg\. .-> 55 - 
Huinus. 42 ' 

Uv.li.if - 3 “- _ 

, lydr-x-^rb'iuv ^ ^.aseuuv 

32 r' ^ ‘ 

lb’- .jfio : • 

- broniMle. 33 ^ : 

1. ua-^^eut. 201 ; 

’V p.-r.^uli.ln-i-'. 

y'V'iy ,"2: 

5 j8. 
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Hydrogenation. 292, 434. 
Hydrolysis. 224. 

Hydroxides, 146. 

Hygroscopic substances, 44. 
Hyoscine. 538. 

Hyperol. 304. 

' Hypo,’ 367. 

Hypobromites. 333. 

Hypochlorites, 323. 
Hypophosphites, 463. 

I 

latrochemistr)’, 77, 555. 

Ice, 297. 

Iceland spar, 583. 

Immunity, 556, 

Incandescent mantles, 43, 431. 
Indian red. 651. 

Indicators, 130. 

Indigo, 8. 532. 

Inert gases, 398. 

Inflammable air, 85, 289. 
Ingen-Housz, 421. 

Ink, 536. 

Insulin, 542. 551. 

Inulin, 493. 

Invert sugar, 494. 503. 

Invertase, 503. 

Iodoform, 436. 

Ionium. 397. 

Ions, 201, 204; charges on, 205; 

migration of. 207. 210. 

Iron. 18, (>23 : allotropic forms of. 
033 ; alum. O42 ; Armco-, 630 : 
carbonyl, 429 ; cast. 629 ; di- 
alysed. 043: disulphide. 641; 
malleable. 629 : passive, 639 ; 
pig-. O29 : predynastic, iS; 
pyrites, (>42 ; pyrophoric. 630 ; 
ru.sting of, O37 ; tests for. O43 : 
wrought, 029 ; (see also ‘ ferric ' 
ami ' ferrous ’). 

l.-omerism, 30, 126: cis-trans-, 

317 : optical. 515. 

Isomeric change, 50. 

Isom(>q-)hism. 187. 

Isotonic solutions. 173. 

I'Otopes, 126, 138, 240, 255. 

1 ' c: y black. 409. 

Jabir ibn Hayyan, oo. 


am, 496. 

, ellies (see Gels), 496. 

Jet. 410. 

Joule, 182. 

Juha, 24. 

K 

Eanada, 71. 

Kaolin, 604. 

Kapok, 440. 

Kassiteridcs. 18. 

Kelp. 334. 579. 

Keratin, 501. 

Kerosene. 433. 

Kieselguhr, 470. 

Kinase, 504. 

Kinetic theory, of equilibrium, 
222 : of gases, 165 ; of liquids, 
168 ; of solids, 189. 

Kipp’s apparatus, 290, 348. 

Kish, 400. 

Ko-bung, 74. 

Kr>T)ton. 376, 400. 

L 

Lacquer. 311. 615. 

Lactase, 533. 

I-actoflavin. 550. 
lactose, 495, 

Lakes, 606. 651. 

Lampblack, 409. 

Lamps, electric, 12, 398 ; neo \ 
400 : safety, 450. 

Lao Tsze, 73. 

I^pis lazuli, 6to. 

Latin translations, 74. 

I-attice. 190, 210. 633. 

I-aughing gas. 393. 

Lavoisier, 100. 108. 424. 

Lawn sand, 617. 

Lead, 647; accumulator, 218: 
water, action on, 301. 048; 
white. 62. 649. 

Leather, 536. 

Le Bel, 316. 

Leblanc, process, 372. 

Le Chateber’s law of reaction, 
220 . 

LecitJuns. 434. 343. 

Leclanch^ cell, 217. 

I, oncocytes, 557, 

Leukippos, 135. 
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Lewis, 248. 

Liebig. 423 

Lignin, 498. 

Lignite, 410. 

Lime. 584 : chloride of. 323. 

59 (>- 

Limelight, 283. 

Limestone. 583. 

Limonite. 625. 

Linoleum, 518. 

Linseed oil, 518. 

Lipase. 552. 

. 58 ; separation 
from liquids. 34 : separation 
from solids, 30. 

Litharge, 04S. 

Lithoponc, Ooi. 

Lockyer, 399- 
Lopai, 00 . 

Lowig process, 57^>. 

Lubricants, 433 - 
Lucretius. i 35 - 

Luminous flames, 447 ■ P 

255. ^^2. 

Lunar caustic. O21. 

Ly«ldite, 527- 

M 

Magnes, 654. 

Magnesia. 5 <> 9 * 

Magnesium, 598 
Magnetite. 025 
Malachite. 611, 019- 
MalleabU' casting. 3 • 

629. 

Maltasc. 553 - 

Maltose-, ; 

Manganese. o5t . , , 

dloxuU , 2/4, 0^4 . 

Manganiii, 054 - 
Mantle. gas-, 43. 43 '- 
Marble. 583- 
Marcasile, O42. 

Margarine. 518 

Marsh gas. 435 
Mass acti^^n. 3 
Mass sp< < >'a, 241. 

Massicot, O48. 

Matches. ifiO- . 

Materials, purification of, - ^ 

Matte, 6 « 3 - 


clilor- 


Matter. indestructibility of. 4O ; 

primary, (xx 
Mayo w, 91 
Mean free path, 167. 

Meerschaum, 598. 

Mendeleeff, 234. 

Mephitic air, 102, 372. 

Mercerised cotton. 4 <,>^ 

Mercury. O02. 

Metals. 10. 273. 5 ^>[ : 

non-metals. 5^2; early know- 
ledge of. 12 : utilisation of. 0-, , . 
Metal work. Egypt*^!"* M 
oan, 17 : Sumerian. 14- 
MetasUble state. 340 - 
Methane. 435 - 
Methylated spirit. 507 - 
Methyl alcohol, 502. 507 . 

ide. 43O. 5 °-- . . 

Methylene chloride. 430. 

Meyer, Lothar, 233- 237 > - 39 - 
Microcosmic salt, 408. 
Micro-organisms. 555 - 
Migration of ions, 207. 

Milk. 544 
Milk sugar. 495- 
Milton, 3-i3-, 

Minium. 

Minoaii-'. «7' 

Mitscherlicb. • 3 '>- 
MiN« d < r-. -it d-, 188. 

Mixtui' -, 

Mol • ■ 

M-^l.-. ul-r .. 13s. ‘ 52 . »55 • 
o( 10 • • of. H>7- 

Molrcu!.:-- -.mpounds 2 :>i . 

hr.it, 1:^2 ; weight. 159. « >-■ 
Mona/It.-, 43 . 43‘- 
Moud })r«x:ess. o.j i 
m<-tal, 040. 

Mordants. 53 ‘ • 

Morphine. 538- 
Mortar. 585 ; hydraulic , 5 

Moss, lc<-laiid. 4 ‘>^’ • ^ 

Motor spirit. 435 - 

Muriii, 5 " 2 - , l.w of I •'* 

Multiple proportion-,, la\s 

Mumetal, 

Mvccnaean objocf--. i. 
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N 

Nagarjuna, 71. 

Naphtha, 433. 

Naples yellow, 651. 

Naphthalene, 522. 

Naphthenes, 433. 

Narcotine, 538. 

Nascent state, 293. 302. 319. 
Natron, 21, 568. 

Natural gas. 435 ; waters, 298. 
Neon. 37O, 400. 

Neo-Platonism, 65. 

Neutralisation, 130, 209. 

Neutroti. 246, 255. 

Newlands’ law of octaves, 233. 
Nickel, O44. 

Nicotine, 537. 

Nitrates. 24, 390. 

Nitre, 285 ; -air, 90. 

Nitric oxide, 391. 

Nitrides, 377. 

Nitrites, 398. 

Nitrobenzene, 530. 

Nitrocellulose, 409; lacquers, 511. 
Nitrogen, 300, 372, 377; cycle, 
30‘> ; dioxide, 39^ : fixation, 
^•^ 9 . 37S. 384 ; iodide, 3S2 ; 
pentoxide. 391 ; peroxide. 396; 
tetroxidc, 39b ; trichloride, 382 ; 
trioxide, 397. 

Nitroglycerin, 526. 

Nitrous air. 391. 

Nitrous oxide, 393. 

Nitrum, 368. 

A'l/rioH /iamniitits, 582. 

Non-metals. 273. 502. 

Norgine, 496. 

Normal solution, 130. 

Novocaine. o. 538. 

NucKiis, atomic, 246, 255. 

Nylon, 53S. 

O 

( U'clusion. 116. 293. 

( >i’}irc, (>31. 

Octaves, law of, 233. 

< >ci< t thoor\’, 248. 

< Mldag, 40(). 

< >il of \ itriol, 338, 364. 

« >il paint. (Irving of. 279. 

< "!<. r,,s. 333. 

Okliant gas. 438. 


Oieo-margarine, 518 ; resins, 536. 
Opal. 471. 

Open-hearth process, 633. 
Opsonins, 557. 

Optical activity. 514. 

Ores, 361. 

Organic acids, 51 1 ; chemistry, 
402 : compounds, 491. 
Oyichaliiinj, 19. 600. 

Osmotic pressure, 172. 

Otto von Guericke, 51. 

O.xidases, 509. 

Oxidation, 102, 212, 279. 

Oxides, acidic. 145, 281 ; basic, 
146. 281. 

Oxygen. 33, 103. 273. 323; pre- 
paration, 274 ; industrial pre- 
paration. 275 ; properties. 279. 
Oxygen mixture. 274. 
Oxyhaemoglobin, 425. 

Ozokerite. 433. 

Ozone. 285. 

Ozoniser, 286. 

P 

Paints, 650. 

Paktoug, 646. 

Pancreatic enz\*mes. 542, 552. 
Pao-po-tsze, 74. 

Paper, 498. 

Papyrus, 498 ; of Leyden, 63, 
Paraflins, 432 
Paraffin wax. 433. 

Parchment paper. 499. 

Partial pressures, 1 20. 

Passive iron. 63(). 

Pathological chemistry. 555. 
Pcacfxk copper, on. 

Pearl-ash. 578 ; liardening, 590. 
Peat, 410. 

Pectin. 496. 

Poctosinase, 496. 

Pens, 40S. 

Pentane, 432. 

Pepsin, 300, 351. 

Peptones. 332. 

Periodic law, 233 ; table, 235, 
230. 

rerma!k)V. 64b, 
i Permutit process. 301. 

Peroxides, 2S1. 303. 

' Perspex, 53S. 
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Petrol. 433 - 
Petroleum, 433- 
Perrin, tjS. 

Pettenkofer’s method, 370. 

Pewter. 5O6. ^>52. 

Phagocyus. 557. 

Pharoah’s serpent. 48. 

Phenol. 522. 

Philo of Byzantium, 02. 

Philosoplu rs' stone,. 67. 
Phlogisticatcd air, 372. 

Phlogiston, 94* 5^- 

Phosgene. 429. 

Phosphagen, 554. 

Phosphates, 455. 4^®- 
Phosphme. 462. 

I’hosphoniuni salts. 402. 
Phosphorescence, 457. 
Idiosphorctted hydrogen, 402. 
Phosphorus. 280. 454 : allotropic 
forms of. 450 : compounds. 

462-09. 

Photography. 621. 

Phytic acid. 548. 

Piperine. 537. 

Pitch, 435. 523- 
Planck, J91. 

Plants, growtli of, 3O9, 4-o- 
Plaster of Paris. 590 . 

Plastics, 12, 510, 538- 
Platinum. 024. 

Pliny, O2. 

l>lumbago. 406. 

Plutarch, 05. 

I’olariscd light, 514- 
Poling. 613. 

Polonium, 253. 

Polymerisation, 44®- 
poiypepti<les, 544- 
Polystyrene, 538- 
Polythene, 538- 
Polyvinvl plastics. 53^- 
Porcelain. 72. ^07- _ 

Positive electron, 2,-).-> . ta>s, --i 

Pot-ash. 578. 

Potash dc pos.ts 570. 

Potassiuni, 57|* 5 / * 

^. 4 ; broiTurlc. 3V>- 3VW 
bonate. 5/0. _ 

327: /’'’‘Tlg-Si .hchromate, 

gr Llale"337 : iod.de. 334: 


I 


manganate. 655 : nitrate, 380 ; 
nitrite, 398 ; oxides, 580 ; per- 
chlorate. 328 : penodate, 337 : 
permanganate. 655 : sulphates. 
580 ; zincate. 292. 

Pottery. 20, 607. 

PriesUey, 85. 98. 308. 35 >. 3/8, 
391. 393, 396. 

Producer gas, 430. 

Promoters. 292. 379- 
Protargol. 1 79- 
Protective colloids, 179- 

Protelns, 360. 404. 54>' 543 
Proteoses, 552. 

Proton, 205. 24O. 

Protopectin, 49^- 
Proust, 125. 

Prout, 245- 
Ptyalin, 542. 55*- 
Puddling. 629. 

Purple of Tyre. 8. 330. 
Pyredoxene. 55<’- 
pyrene, 4l<>, .|53- 
I’yrex glass, 2 c . 594- 
Pyrites. 042. 
pyrolusite. 59<’- ^54- 

Q 

Ouantum theory, 182. 190. 

(.)iiarlz, 170 ; -glass. 471. 

(uikUIiii '*. .584- 

ntiicks.l*-- r, 

( lUlIU'ie. O. 5-^8. 

(.Mill)' ’1 k)k 1 giouping. 533- 

^)uinicssence, 01. 

R 

Radicals. ‘98- 

Radium. 253. 5**7- 
Radon, 254. 

Raftmose, 4‘)5- 
Ramsay, 390- 
Raoult. 174- 

KaphideS. 513- 

Rare --.irths. 238. 

Rayleigh. 3‘»8’ . , ^ 

ReactUMis. chemir.il M. 56 
versible, 221 ; sp^ed ol. 
Receptor groups. 557 - 
Kec.proc-d proporlions. !aa of. - 

Red Iea<l. 04S. 

Reductase, 509- 



xii 


EVERYDAY CHEMISTRY 


Reduction. 212, 293. 429. 561. 
J^efractory bricks, 599. 

Reniiin. 544. 

Resin. 510, 534. 536. 

Respiration, 92, 99. 274, 424. 
Retort, 32. 70. 

Reverberatory furnace, 612. 

Key, 89. 

Rhases, 69. 

Rhenium, 238. 

Riboflavin, 550. 

Richter, 128. 

Rinman’s ^reen, 644. 

Rock crystal, 479 ; salt, 305. 
Roman cement, 587 ; period, O2. 
Rourc, 643. 

Rubber, 534. 

Ruby. 596. 

Rum. 493. 

KustinK of iron. 637. 

Rutherford, 245. 372. 

S 

SaRo. 407. 

Sal ammoniac. 378, 581, 

Saliva. 351. 

Salt. Cercbos, 44 : common. 305. 
Sallcake, 320. 573. 

Salt of lemon. 313. 378 ; of sorrel, 
378 ; of tartar, 578. 

Saltpetre, 383. 

Salts, 143. 148. 

Sand, 470, 

Snpf)nilication. 518. 

Sarci. 471. 

Satin spar. 500. 

Saturate<l and unsaturated com- 
pounds, 107. 430, 438. 

Saussure, 421. 

Scheele. 03. 310. 

Scheele’s priTti. O18, 651. 

lileinjK-. 378. 

Schi'iiiti', 3S0. 

S( luveinfurt "reen. l>3i. 

Si e.'Ptitic method. 25. 

Si oiKtlarnine. 338. 

S-’.Tctin. ^32. 

'• ''-nitt*, 3»»o. 

••leniiim, I I . 

ii' iM rmoah!*' membrane, i“j. 

♦ 4 

■ • ■ :t1 :<TS, ph-<tO-, O 2 I. 

^'la, -.st.. 


Sheep dips. 474. 

Shellac, 536. 

Shit‘king. 72. - 

Siderite, 626, 640. 

Silica, 4O9 ; gel, 472. 

Silicates. 471. 

Silicon, 472 ; carbide, 473 ; chlor- 
ide. 473 ; fluoride. 338 ; hy- 
dride. 473 ; steel. 473. 

Silk, 501 ; artificial. 500. 

Silver. 620. 

Slag, 56. 

Slaked lime, 585. 

Smithells' flame separator. 451. 

Smoke. 4 1 1. 

Soap. 318. 

Soda. 575 : caustic-, 575 ; -ash, 
575; -lime. 435 ; water, 418. 

Sodium. 572, 576 : amalgam, 291 ; 
arscnitc. 474 ; bicarbonate, 570 ; 
chloride, 303 ; chromate, 056 ; 
compounds. 572-78 ; fluoride. 
338 : hydroxide, 575 : hydride, 
577 : hyi'Hxhlorite, 323 ; hypo- 
phosphite. 463 : iodate, 334 ; 
nitrate. 386 ; nitrite, 383, 308 ; 
peroxide, 281. 577; pryosul- 
phate, 335. 378; silicate; 472. 
591 . sulphate. 578 ; stilphide, 
350 ; tetrathionate, 3O8 ; thio- 
sulphate. 367. 

Solder. 632. 

Solubility, 3O. 

Solutions. 27. 31. 33. 55. 177; 
con.stant boiling, 321 ; freezing 
of. 40. 175. 208 ; solid, 188. 

Solvay process. 574. 

Soot, 400, 412. 

Spanish red oxide. 651. 

Sparklets. 418. 

! Spathic iron ore, 020. O40. 

' Speller. fKX>. 

Spent oxide. 344. 

Spermaceti. 521. 

Spiegel-eisen. 031, 054. 

Spinlhariscopi’, 254. 

Spirit of hartshorn. 37S ; of salt, 
30S : of wine, 502. 

Spirits. 32. 

.''/yrn/ifs ):i/rr-acrf i(s. 91. 

Sprays, 474. OiS. 

Stahl, c)3. 04. 
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Stalactites. 300. 

Stalagmites. 300. 

Stannic compounds. 652. 
Stannous compounds, 652. 
Starch. 495 : animal, 497. 
Steel. 630, 634- 
Stellite. 644. 056. 

Stibnite. 652. 

Stones. 588. 

Stooey, 205. 

Stovaine, 9- 
Streptomycin, 560. 

Strontium, 59b. 

Strychnine. 538. 

Sublimation. 53. 67. 335- 457- 
Substances, pure. 27. 55- 
S\»crase. 503. 509. 553. 


Sucrose. 494- , . 

Sugars, 49t • lead, 649. 
Sulphanilainide. 560. 

Sulphates. 3<>5' 

Sulphides. 349. 350- 
Sulphites. 354- 
Sulphonamidc, 560. 

H44 ; chloride, 4 53 . dioxide. 
351; milk of. 347- trioxule. 

Sulphuretted hydrogen 348. 
Sulphuryl chloride, 318. 

Sumerians, 14. 

Superphosphate. 501 - 

Sup<‘rsatur.ition, 3.“^ a, 

Supporter of combustion. 282. 44/- 
Symlxds, chemical. i39- 
Synthesis, 54’ 402. 

Syriac treatises, 07. 


T 

Talc, 598. 

'Jan. 73 

Tannin, 53b- 
Taoisn^. 73 * 

Tapio<:<i. 4‘>7- 

Tartar emetic. 053. 

TemixTature. 33 
Temi> ring, b 34 - 
J't rn ■<rU. 651. 
Tetralt'i, 524. 

Thales. so, 78- 
Thenard’s blue, 644- 


Theobromine. 537. 

Theophrastos, 62. 

Therm. 284. 

Thermit, 605. 

Thermos flask, 276. 

Thton hudor. 347. 

Thomson, Sir J. J.i 238. 

Thorium. 43. 253. 43*- 
Thoron. 254. 

Thymol, 534. 

Thyroxin. 334- 55'- 
Timber p^ese^^’ation. 502. 

Tin. 18. 57. b52- 

Tinctures, 32. by. 

Tinplate, 652. 

Tinstone. 652. 

Titanium oxide. 651 ; white. 597. 


Titration. 131. 

Tocopherols, 55*- 
l oluene, 523. 

Toxins. 555. 

Transition jHiint, 34^- 
Transitional elements. 230. 
Transmutation. 67. 255. 



reacle. 4<)2. 
riads. law of. 233- 
riilymite. 470. 

rinitrotoluenc (T.N.I.), b- 7 - 
Titiuin, 24.J. 25O. 
rypsin. 5S2. 
rypsinogen. 553. 

‘uug>t‘‘n. 1 1- 
'urj»cntiiie. 534- 
yj>c nietal, 052. 

Tyndall ctiect, 178 


U 

IJknu. 21. 

Ultramarine, i'>o. 
l,mramKrosco|M-, 178. 

Unsaturated hydrmarliom 
Uialite. .|7-J- 
Uranium. 253. 25O. 

Urea, 4‘^J. 555- 

\' 


Valenc\-. 181 
2-',v I 

250. y'o ; I 


. I'l. 
.•liu 

H •' 1 I A ' 


niii til 


Van'.l'Ta brown, O*,'.*. 
-^7* 



. >i iii 

% 



XIV 


EVERYDAY CHEMISTRY 


Van’t Hoff, 172, 516. 

\ apour density, 121, 156; pres- 
sure. 43. 

Varec. 334. 

\'ariegated copper ore, 611. 
Varnish. 31, 279. 51 1. 

I’a.frt murrhina, zz. 

\’at-dye. 532. 

V'elocity of reaction. 227. 

\’enetian white, 650. 

\'enoms, 558. 

Ventilation, 425. 428. 

\’eratrine. 538. 

VerdiRris, 051. 

Vermilion, <>02, 651, 

Victor Meyer's apparatus, 122. 
Vinasse, 578. 

Vinegar, 512. 

Visual purple, 340. 

Vital force. 402, 540. 

Vitamins. 540, 548. 

Vitreosil, 471. 

\'itriolic acid air, 351. 

Vitriols, 358. (joi. Oio. 640. 
\’oluines, atomic, 239 ; law of 
gaseous, 132. 

\dltaic cells. 214. 

Voltameter, iii. 

\'oltoids, 381. 

N'lilcatiisation, 533. 

W’ 

Wasliing. 320 ; -soda. 37=;. 

Water. 200: aerated. jiS; com- 
position of, 103 : of crystallisa- 
tion. 3<) ; hard. 200:' heavy, 
2t4; mineral. 302: natural, 
29S ; sea, 302, 305, 331 ; soften- 


ing of, 299, 301 ; sterilisation 
of. 287. 

Water gas, 292, 430. 

Water glass. 472. 

Wax. 521. 

Weathering of rocks, 420. 

U’ced killer, 474, 617. 

Weizmann process, 52 o. 

Weldon’s process, 314. 

Welsbach mantle. 431. 

Wenzel, 223. 

Westron, 440. 

Wcstrosol, 440. 

White lead, O49 ; -vitriol, 601. 
Withcrite, 597. 

Wood, distillation of, 407, 512 ; 

spirit. 408. 507. 

Wood’s ntetal. 653. 

Wool. 501. 

Wu-ti, 73. 

X 

Xenon, 376, 400. 

X-ray spectra, iSq, 244. 

Xylene. 523. 

Y 

Yang, 72. 

Yeast. 503 ; Chinese. 504 ; min- 
eral. 343. 

Vz». 72. 

72. 

2 

Zinc. »>oo. 

ZosLmos, ()6. 

Zymogen. 504. 


i 

1 
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